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A BSTRA CT
This thesis describes studies towards the synthesis of some novel tricyclic and tetracyclic 
isonitrile marine natural products and the application and refinement of the acylation of 
preformed enolates using methyl cyanoformate. The results are presented in six chapters.
Chapter one contains a brief survey of these natural products, including the isolation, 
biosynthesis and biological function of these novel compounds.
Chapter two describes attempts to form the required tetracyclic ring skeleton by the photo 
cyclisation of vinyl substituted tetrahydrophenanthrene derivatives. Precedents in the 
stilbene and 1,4 diary 1-1,3-butadiene fields are noted. Simple Hiickel molecular orbital 
calculations on these potential substrates are carried out in order to predict the ease of 
cyclisation of these compounds.
Chapter three details the early stages of an alternative route through an intramolecular 
Michael addition reaction. The synthesis of potential substrates for the 1,4-reduction of 
the styrene double bond is shown. The stereochemistry of the products from the 
successful conjugate reduction is described in relation to the steric and stereoelectronic 
factors associated with the intermediate anions.
Chapter four deals with the elaboration of the aromatic moiety in the substrate to give the 
correct backbone stereochemistry of the compound. Model studies are discussed, and the 
application of this methodology to the phenanthrene analogues is shown.
Chapter five outlines the synthesis of an advanced tetracyclic intermediate by an 
intramolecular Michael addition. The stereochemistry of this pyrene derivative is 
considered and the application of this route to the synthesis of the natural products is 
discussed.
Finally chapter six surveys the acylation of enolates using available acylation reagents and 
details the early successes encountered with methyl cyanoformate. The refinement of the 
methodology is documented and stereochemistry associated with the use of this reagent is 
studied.
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1.1 Isolation.
Isonitrile-substituted metabolites have rarely been isolated from terrestrial sources, 
although most of those that have been characterised to date possess potent biological 
activity.1 By contrast, marine organisms, notably sponges of the order Halichondrida,* 
are a rich source of isonitrile functionalised natural products.2'4 The greater number of 
isocyanide containing marine natural products has been attributed to the pH of the 
animal's environment.2 Over twenty terpenoid metabolites containing isocyanide 
substituents have been isolated from marine sponges. The sesquiterpene isocyanides that 
have been isolated to date are unique to sponges of the Halichondrida. Examples of 
these compounds are shown below (figure 1-1).
(figure 1-1)
The isonitrile sesquiterpene 1 was isolated from a Californian species of sponge from the 
genus Axinellcfi while a related Mediterranean sponge Axinella cannabina yielded the two 
metabolites 2 and 3.6 The diisonitrile compounds, 4 and 5, were isolated from a Guam 
sponge, Acanthella sp.7 and the functionalised sesquiterpene 6 was found to be a major 
component of the mixture of metabolites from an Hawaian sponge, Ciocalypta sp.8 A 
number of other sesquiterpene and diterpene isonitrile natural products have been isolated 
from marine sponges.9-12
The most interesting selection of the isonitrile functionalised marine metabolites is a 
group of recently isolated diterpene compounds. The metabolites 7 to 13 were isolated 
from a sponge of the genus Amphimedon (ex. Adocia)13>14 (figure 1-2).
* Isonitriles have also been found in the dorsal mantle of nudibranchs that eat Halichondrid sponges.
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(figure 1-2)
H
9 R = CH=C(CH3)2
10 R = CH2C(CH3)=CH2
11 R = CH2C(NC)(CH3)2
The isolation of these compounds from this sponge is unusual both from a chemical and 
chemotaxonomic viewpoint, as all the other isonitrile terpenes have been isolated from 
Halichondrid sponges. Extraction of the Caribbean sponge Hymeniacidon amphilecta 
yielded the related metabolites 14 and 1515 (figure 1-3).
R
14 R = NC
15 R = NHCHO
(figure 1-3)
Diterpenes 16, 17 and 18 were recently isolated from a Palauan sponge of the genus 
Halichondrida16 (figure 1-4).
(figure 1-4)
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The tetracyclic compounds 17 and 18 are unusual, because they contain cis ring fusions, 
whereas the other members of this group of compounds contain all trans ring junctions. 
The diterpene 13,* previously isolated from Amphimedon sp. (figure 1-2), was also 
isolated as the major metabolite in this Halichondrid sponge. This is especially 
interesting as the two sponges are taxonomically unrelated.
A number of these isonitrile terpenes have interesting biological activity, showing 
antimicrobial and cytotoxic properties.14' 16 It has been proposed that the presence of 
these biologically active compounds in the organism may confer an advantage to the 
organism by helping to preserve the specificity of association of the sponge and its 
preferred microfloral symbionts.17
1.2 Biosynthesis.
Diisocyanoadociane (7) was the first of these unusual diterpene isonitriles isolated."1 It 
was found to be the major component (30-35%) of a hexane extract from an encrusting 
sponge, Amphimedon sp. (ex Adocia sp.) common to the midshelf reefs of the Great 
Barrier Reef. It is representative of a new class of natural products with a 
perhydropyrene ring system without any angular methyl groups. This ring system 
requires a unique cyclisation of a geranyl-geraniol residue, during which a methyl 
migration occurs. At least three different foldings of the putative C20 precursor can lead 
to the desired skeleton18 (figure 1-5).
The original structure of this compound was reported as14:
However, this was revised to the structure shown after a crystal structure of the formamide derivative was 
taken16.
• This natural product was originally isolated from sponges collected off a northern Sydney beach near 
Dee Why, N. S. W.
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(figure 1-5)
Studies into the biosynthesis of this unusual tetracyclic skeleton have been attempted. 
The utilisation of [2-14C]-acetate, [2-14C]-mevalonolactone, [2-14C]-mevalonate (N,N- 
dibenzyl ethylene diamine salt) and other terpene precursors such as [U-14C] leucine by 
the marine sponge Amphimedon sp. was demonstrated. However, none of the labelled 
compound 7 was isolated. Instead rapid and efficient synthesis of labelled carotenoids, 
such as ß,ß-carotene 19 and zeaxanthin 20 was observed19-21 (figure 1-6).
(figure 1-6)
These carotenoids are typical products of algal or bacterial metabolism and the isolation 
of compounds of this type suggests that competition between the sponge and the 
associated symbiont cells for the basic terpene precursors is taking place. This result and 
the large background level of the metabolite 7 in this sponge has made tests for terpene 
biosynthesis in this system impracticable. From these results it was postulated that the 
tetracyclic compound 7 may result from sponge cell-mediated modification of a 
symbiont-produced precursor.21
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The biosynthetic origin of the isonitrile substituents in these metabolites has been one of 
the most interesting questions associated with this class of natural products. The 
isonitrile functionalised terpene metabolites are often accompanied in the organism by the 
analogous formamides and isocyanates, and sometimes with urea and amine 
derivatives.2-4 Isolation of formamide and isothiocyanate terpenoid natural products has 
also been reported from marine sponges with no indication of the corresponding 
isonitrile compounds.22-24 Initially, this was claimed as circumstantial evidence that the 
formamide is the biogenic precursor to the isocyanide.11 The proposed biosynthetic 
sequence for this transformation was thought to be capture of a carbonium ion or 
equivalent by ammonia to give an amine. Acylation and subsequent dehydration of this 
amide precursor would generate the isonitrile group. This sequence was proposed, but 
not substantiated, for xanthocillin mono-methyl ether 21, one of the first isonitrile 
natural products isolated.25 Evidence for this mechanism, though, has been found in the 
formation of hazimycin factors 5 (22) and 6 (23), which are amino-acid derived 
antibiotics. Methionine was reported to act as the precursor to the isocyanide carbon in 
these cases26 (figure 1-7).
HO OH
H9NOC
22 RR and SS
23 R S
(figure 1-7)
However, in some early biosynthetic work carried out on some isonitrile terpene marine 
sponge natural products,27 14C-labelled axamide-124 was supplied to the Mediterranean 
sponge Axinella cannabina. No incorporation into axisonitrile-I 25 was found, which 
cast some doubt onto the proposed mechanism for the biosynthesis of this sponge 
m etabolite28 (figure 1-8).
(figure 1-8)
Subsequent studies have found that the reverse transformation may be the major pathway 
to form am ides. The origin o f the isocyanide groups in the m etabolite 
2-isocyanopupukeanane 26, isolated from a sponge of the species Hymeniacidon, was
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investigated.29 It was found from labelling and incorporation experiments on this 
system that samples of 13C-labelled isonitrile compound 26 were converted into the 
corresponding formamide 27 and isothiocyanate 28 derivatives (although in low yield), 
whereas 13C-labelled formamide 27 was not converted into the isonitrile derivative 26 
(figure 1-9). These results show that the corresponding isonitrile is the biogenetic 
precursor to the formamide. However, the biosynthetic origin of the isonitrile 
functionality was still in doubt after these experiments.
A proposed mechanism for the direct biosynthesis of a terpene-derived isocyanide was 
the capture of an ambident nucleophile cyanide anion by a carbonium ion or equivalent 
intermediate.18*19 The isolation of some highly functionalised kalihinol metabolites, 
from a Guam sponge, Acanthella sp., containing a halogeno 29, an olefinic 30 and an 
isocyanide substituent 31 respectively is in accordance with this idea, as they could all 
derive from a common carbonium intermediate7*30 (figure 1-10).
Incorporation experiments using sodium [14C]-cyanide and a number of other organic 
and inorganic cyanides were carried out on the marine sponge Amphimedon sp.18’19 
These experiments confirmed that the isonitrile substituents of diisocyanoadociane (7) 
could be derived from these cyanide precursors.* The utilisation of cyanide by a marine 
invertebrate is surprising in view of the known role of cyanide as an inhibitor of 
cytochrome oxidase.31
Many strains of bacteria are known to have developed cyanide insensitive respiratory 
chains, while several procaryotic species, notably bacteria of the genera Chrombacterium
* Control experiments established that there was no chemical exchange of label from cyanide into the 
isocyanide groups of this terpene.
26 R = NC
27 R = NHCHO
28 R = NCS
(figure 1-9)
29 R = C(CH3)2C1
30 R = C(CH3)=CH2
31 R = C(CH3)2NC
(figure 10)
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and Pseudomonas and the cyanobacterium Anacystis nidulans generate inorganic cyanide 
from amino-acids such as glycine and histidine. As sponges often contain symbiotic 
bacteria and algae which may be responsible for the uptake of nutrients, it was initially 
assumed that the cyanide was not directly utilised by the host animal, but by the 
sym biotic organism s associated with it. However, dem onstration of the 
functionalisation, but not the de novo synthesis of the diisonitrile compound 7 is 
consistent with uptake of the cyanide directly by the sponge cells. Other isonitrile- 
producing sponges are also known to contain negligible amounts of symbionts which 
again fits in with the utilisation of the cyanide by the sponge.2
The origin of the cyanide nucleophile accumulated into the Amphimedon sponge has 
been investigated. The concentration of cyanide in sea-water is presumably negligible, 
except, perhaps in industrially polluted waters. It was therefore considered that, by 
analogy with terrestrial metabolic prosseses such as the biosynthesis of cyanogenic 
glycosides or ethylene, the ultimate source of the cyanide may be an amino-acid. A 
number of amino-acids were tested as precursors to the isonitrile functions, including 
[U-14C]-alanine, [U-14C]-leucine, [2-14C]-glycine and [guanidino-14C]-arginine. In all 
these cases precursor uptake was demonstrated but none generated any labelled 
diisocyanoadociane (7). As sponges contain many unusual amino-acids along with the 
common protein amino-acids it is possible that one of the more uncommon amino-acids 
may act as the cyanide precursor in the biosynthesis of the isonitrile functionality.
1.3 Biological function.
The need for sterols as a structural component in membranes is presumed to characterise 
most eucaryotic organisms.. Most procaryotes lack nuclear membrane structure and 
therefore are believed not to require sterols as structural cell components. It has been 
found that a diverse range of taxonomically unrelated bacteria contain triterpenes such as 
diplopterol 32 and these are thought to act as sterol substitutes.32*33 The eucharyotic 
organism Tetrahymena pyriformis and other related ciliated protozoans have been found 
to contain the triterpene tetrahymanol 33 which is presumed to have a membrane 
function in these organisms (figure 1-11).
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(figure 1-11)
It can be seen that the pentacyclic ring system of these molecules mimic the rigid flattened 
tetracyclic skeleton of cholesterol 34, the most common sterol associated membrane 
function in eukaryotic organisms (figure 1-12).
(figure 1-12)
Most marine sponges are characterised by a large range of diverse sterols for some of 
which a membrane role has been attributed34 and subsequently demonstrated.35*36 
However, sponges of the order Dictyoceratida are characterised by having a low sterol 
content, but are rich in specialised metabolites of the terpene class. To account for the 
low sterol content of these sponges it has been suggested that the terpenes may substitute 
for sterols in the cell membranes.34*37 The haplosclerid sponge Amphimedon sp. was 
found to contain the terpene diisocyanoadociane (7) as the major component (30-35%) 
of a hexane extract. In contrast to other Haplosclerida, the sterol content of this sponge 
was found to be relatively low (less than 10% extract) and non-complex, consisting of 
mainly A5»7 sterols, which are derived from dietary A5 precursors. The chemical 
composition of this sponge, which appears to seasonally and environmentally invariant, 
thus resembles that of the Dictyoceratida. The low incidence of sterols in this sponge, 
together with the observed high abundance and low turnover of of the diterpene 7 
indicates that this terpene could play a primary role in membrane function in this 
particular sponge.
Cell fractionation experiments have been carried out on samples of this sponge20 and it 
was found that the diterpene 7 is present in large quantities in all cell types, while the 
sterol components are present only in the low density cell types, most likely the small 
non-nucleolate sponge cell types. Preliminary membrane fractionations also
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demonstrated the presence of the diisonitrile compound 7 in sponge cell membranes. 
This information fits in with a membrane function for this unusually functionalised 
diterpene.
Current models for lipid bilayer structure38’39 address the mechanism of interaction of 
sterols, such as cholesterol with fatty acids. The minimum structural requirement for the 
molecules currently accepted as sterol substitutes is a flattened rigid ring structure and a 
free equatorial hydroxyl group. Other functional groups in the molecule provide subtle 
fluidising or solidifying influences as required in the particular membrane system. 
Diisocyanoadociane (7) clearly has a rigid tetracyclic structure that can mimic the ring 
system of the sterols and possesses a suitable, equatorial, polar group, albeit an isonitrile 
and not a hydroxyl function (figure 1-13).
(figure 1-13)
However, the molecule lacks the mobile aliphatic tail associated with most sterols and 
possesses an axial isocyanide group. These modifications are thought to be necessary 
for an exact structural fit with the fatty acids or to provide extra binding to the sponge 
proteins in this unconventional membrane situation.20 An interesting point that must be 
considered in this hypothesis is why some sponges have these terpene metabolites 
associated with the membrane when most eucaryotes (including most marine sponges) 
utilise sterols in these situations?
Marine sponges are phylogenetically very primitive and may date from prebiotic times, 
when they would have been required to function under anaerobic conditions. Faced with 
such an environment, which may have included inorganic cyanide, sponges may have 
evolved the capacity to produce functionalised terpenes suitable for membrane roles.* 
Subsequently the sterol pathway evolved in response to the presence of oxygen and 
allowed sponges to optimise their membrane components for the environment in which 
they occur. Possibly the coding for the terpene enzymes in this sponge and others was 
not deleted from the gene pool, because of the fortuitous biological properties of these
* The isoprenoid route leading to terpenes is known as an ancient pathway.
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compounds as antibacterial and cytotoxic agents. Thus, some sponges have retained this 
ancient membrane character2^
1.4 Synthetic studies.
The unusual structures together with the unprecendented biosynthesis and potent 
antibacterial activity of these natual products has aroused a great deal of interest among 
chemists and biochemists. In this work we were interested in establishing an 
efficient, synthetic route to these compounds and analogues to evaluate their therapeutic 
activities.
1.4.1 Previous work.
Two members of these unusual isonitrile diterpenes have been synthesized to date. 
Corey and M agriotis published an enantioselective (60% e.e.)+ synthesis of 
diisocyanoadociane 7,40 and Piers and Llinas-Brunet have recently reported the 
synthesis of the diisonitrile tricyclic diterpene 1441 (figure 1-14).
H H H
(figure
CN
CN =
1-14)
The total synthesis of the diisonitrile compound 7 was achieved in 26 steps from the acid 
chloride 35, (figure 1-15).
^ Even though the enantioselectivity of the sequence was poor, it was sufficiently high to enable 
unambiguous assignment of the absolute configuration of the target compound 7.
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1 step
(figure 1-15)
The synthetic route utilises a diastereoselective Michael addition to convert the ethylene 
ketal 36 to the diester 37 using menthol (R*) as a chiral auxiliary. The tetracyclic 
skeleton of the natural product was produced from two Diels-Alder cycloadditions. The
- 13-
first cyclisation resulted in the correct trans stereochemistry of the ring junction in the 
bicyclic compound 39. It was found originally that the free enone corresponding to the 
ketal 38 resulted in the formation of the cis fused adduct when it underwent the 
cyclisation reaction. The preference for trans specificity observed in the cyclisation 
reaction of the ketal 38 was rationalised by the steric interactions of the ketal unit 
disfavouring endo addition relative to exo addition. The second cyclisation resulting in 
the formation of the tetracyclic compound 40 gave the two compounds that can arise 
through cis addition to the two faces of the dieneophile. The all trans tetracyclic skeleton 
was produced by base catalysed epimerisation of the intermediate 41. Worthy of note in 
this sequence is the biomimetic introduction of the two isonitrile groups, using 
trimethylsilyl cyanide as the ambident cyanide nucleophile. However, this reaction 
results in a mixture of four diastereomeric diisonitriles. A much more stereo-controlled 
incorporation of the nuclear isonitrile group into the natural product was utilised in the 
synthesis of the diisonitrile diterpene 144i (figure 1-16).
(figure 1-16)
- 14-
The interm ediate bicyclic compound 42 was produced by the intramolecular 
Pd(0)-catalysed coupling of a vinyl stannane and an enol trifluoromethanesulfonate. The 
tricyclic ring system was formed by a Diels-Alder reaction of the diene 42 with propenal. 
This cycloaddition, after base catalysed equilibration of the product mixture, resulted in 
the isolation of the required aldehyde 43 as the major product. The all trans ring system 
of the natural product was finally produced via a dissolving metal reduction of the enone 
44. The stereospecific incorporation of the isocyanide groups was achieved in 4 steps 
from the corresponding diacid 45 via the corresponding dicarbamate 46 and 
diformamide.
1.4.1 Present work.
It was envisaged that the stereoselective incorporation of the isonitrile groups into the 
final molecule would be effected by means of a double Curtius (or similar) rearrangement 
on a derivative of the dicarboxylic acid 47 (figure 1-17).
H H H H H H
(figure 1-17)
The formation of the two carboxyl bearing quaternary carbons in the molecule was 
extremely important, as the relative stereochemistry of both centres must be carefully 
controlled. The axial carboxylic acid derivative in the A ring* could be formed by the 
methylation of the corresponding exocyclic ester enolate derived from the compound 48
(figure 1-18).
The rings will be labelled in all the intermediates will be labelled as;
throughout this thesis.
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H H H H H H
(figure 1-18)
Alkylation of this enolate should occur along the equatorial trajectory on the ß-face of the 
molecule 48.42 This approach is also anti to the a-methyl group (figure 1-19).
(figure 1-19)
The corresponding centre in the C ring of the molecule has an axial methyl group, which 
could not be introduced by alkylation of an exocyclic ester enolate in the same way. 
Instead, it was necessary that this centre should be constructed from the axial methylation 
of the corresponding ß-ketoester* (figure 1-20).
,R+,
(figure 1-20)
This ß-ketoester could be constructed by the Birch-reduction of an aromatic ring and the 
subsequent formation of the corresponding conjugated enone. The reductive acylation of 
this enone would result in the required 1,3-dicarbonyl compound, which can be axially 
methylated. This series of reactions should also result in the formation of the Irans ring 
fusion required in the natural product (figure 1-21).
* The stereoelectronic and steric factors effecting this reaction are discussed in chapter 6.
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(figure 1-21)
Two routes to the formation of the D-ring of the natural products were considered. In 
the first approach the tetracyclic system of the intermediate 50 would be formed by 
means of a photocyclisation of the butadiene derivative 49 before the reduction of the 
aromatic ring (figure 1-22).
(figure 1-22)
A second route was also considered, because reductions of tetra-substituted aromatic 
compounds are known often to be extremely difficult. The second sequence would 
involve the formation of the tetracyclic skeleton of the molecule 51 by means of an 
intramolecular 1,4-conjugate addition of an anion to the enone function in the 
intermediate 52, after the reduction and functionalisation of the aromatic ring (figure 
1-23).
O
52
base
(figure 1-23)
This reaction would be reversible and so formation of the thermodynamically most stable 
trans ring fusions could be expected in the tetracyclic product.
A short, versatile and efficient route had been devised in these laboratories to 
tetrahydrophenanthrene derivatives.43 The aldehyde 54 was produced in this manner,
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using the iodide 53, as an intermediate in the total synthesis of juncunol 5544 (figure
1-24).
1. Li, NH3, t-BuOH
56 R = H
BF3.Et20
57 R = H
(figure 1-24)
It was considered that the related unsaturated aldehyde 57 without the aromatic methyl 
group would be a suitable starting material for both of the routes discussed above and 
could be produced in an analogous way to the methylated derivative 54 (figure 1-24). 
In the projected case, the alkylating agent would be the iodide 56,45 which could be 
produced from the commercially available m-methoxyphenylacetic acid 58 (figure 
1-25).
MeO
I.C H 3OH
H2S 0 4
C 02H 2. LiAlH4
MeO
1. TsCl, C6H5N
2. Nal, (CH3)2C 0"
OH MeO
(figure 1-25)
In the event, the aldehyde 57 was readily produced in large quantities from this route.*
Preliminary experiments were performed by M. Tercel and V. V. Kane.
- 18-
CHAPTER 2
THE ATTEMPTED PHOTOCYCLISATION OF 
TETRAHYDROPHENANTRENE DERIVATIVES
2.1 Introduction 19
2.2 The formation of and studies on
tetrahydrophenanthrene derivatives 2 2
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2.1 Introduction.
A possible route to the tetracyclic ring system of the natural products from the tricyclic 
unsaturated aldehyde 57 was thought to be by means of a photochemical 67t-electrocyclic 
ring closure of 6,8a,9,10-tetrahydrophenanthrene analogues 60 (figure 2-1).
O
(figure 2-1)
This scheme involves the reduction and functionalisation of the aromatic moiety in the 
molecule after formation of the tetracyclic ring system. A major problem envisaged with 
this route was the subsequent dissolving metal reduction of the resulting substituted 
compound 61. The reduction of compounds with a 1,2,3-substitution pattern of the 
aromatic moiety (and so do not possess two unsubstituted positions in a para relationship) 
is known to be extremely difficult, and sometimes impossible, even under forcing 
conditions.46 This limitation therefore applies to the tetracyclic intermediate 61 and so 
the reduction of this substrate was envisaged to be problematical.*
From examination of the literature, the photolysis of trans 1-phenyl-1,3-butadiene (62) 
was found to result in a photostationary state of the cis isomer 63 and the starting 
material 62.47 However subsequent work found that prolonged irradiation of this system 
resulted in the formation of the thermally unstable 3-phenylcyclobutene (64) by a 
photochemical [2+2] cycloaddition48,49,t (figure 2-2).
* If this reduction was found to be a problem the methoxy substituent should allow the regioselective 
metallation and subsequently carboxylation of the aromatic ring. The incorporation of the carboxyl group 
would facilitate the reduction.
t  The [4rc] electrocyclic reaction of trans 1-phenyl-1,3-butadiene 62 resulting in the formation of 
cyclobutene derivatives has also reported from the irradiation o f this compound in methanol. Other 
products from this reaction were found to be methyl ethers. A variety of other 1-ary 1-1,3-butadienes were 
also irradiated in this medium, but no cyclobutene products were reported for any of the other compounds. 
Nor were ÖTt-electrocyclic ring closure products observed for any of these substrates.50,51
- 20-
(figure 2-2)
This [47t]-electrocyclic reaction of conjugated dienes under photolysis has been noted 
previously.52 The formation of the cyclobutene derivative 64, rather than any of the 
product resulting from a 67t-electrocyclic cyclisation, did not inspire confidence in the 
proposed sequence. However, there is much work in the literature describing the 
photochemical cyclisation of 2-vinylbiphenyl hydrocarbons to the corresponding 
dihydrophenanthrenes. In particular it has been noted that the photolysis of 
2-vinylbiphenyl (65) produced 9,10-dihydrophenanthrene (66). This result is 
especially interesting because the product 66 was not further oxidised to phenanthrene 
(67), even when the reaction was carried out in the presence of oxygen53 (figure 2-3).
(figure 2-3)
In subsequent work, 2,2'-divinylbiphenyl (68) was found to produce a mixture of 
4-vinyl-9,10-dihydrophenanthrene (69) and 4,5,9,10-tetrahydropyrene (70) upon brief 
irradiation. Prolonged irradiation of this system resulted in the exclusive formation the 
doubly cyclised product 7054 (figure 2-4).
hv
/  \
(figure 2-4)
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This photochemically induced cyclisation has found synthetic applications in the 
formation of unusual aromatic compounds which would be cumbersome to produce by 
other methods. An example of this is the total synthesis of juncusol (72) which involves 
the photocyclisation of the vinylbiphenyl compound 7155 (figure 2-5).
H,CO
HOH9C
71 72
(figure 2-5)
However, some stilbene-like molecules have been found to be inert to irradiation and 
oxidation, while others undergo a single discrete cyclisation when a number are 
possible.56 The relative ease of cyclisation of hexatriene analogues has been related to the 
sum of the free valence indices in the first excited state, ZF*, at the two carbon atoms 
which become bonded during the cyclisation reaction.57-59 Free valence indices in the 
first excited state, F*, of the individual carbon atoms in a conjugated system can be found 
by using the relationship;
Fr*=V3-Xsp*„
where p*rj is the 7t-bond order in the first excited state between the atom r and a 
neighbouring atom s.60 The 7t-bond orders of a conjugated carbon skeleton, and hence 
the free valence indices, F*. of the component atoms, can be found from calculations on 
the polyene system by the Simple Hiickel Molecular Orbital method (SHMO). 
Subsequent studies of these stilbene cyclisations found that when ZF* > 1, the 
67t-electrocyclic ring closure occurred. It was also observed that when more than one 
mode of cyclisation has a value of unity or greater for ZF*, then cyclisation occurs almost 
exclusively for the highest calculated value as long as the difference in the values of ZF* 
for the potential electrocyclic reactions is greater than 0.1; otherwise a mixture of the 
possible products is isolated.56’61
Much of the work in this area has been carried out on stilbene-like compounds. However 
a similar cyclisation was noted for 1,4-diphenyl-1,3-butadiene 7362 (figure 2-6).
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hv
(figure 2-6)
Later work found that 1-ary 1-4-phenyl-1,3-butadienes also underwent this type of 
photocyclisation.63 SHMO Calculations on these compounds showed that the sum of the 
free valence indices in the first excited state (IF*) of the terminal atoms concerned in the 
photocyclisations were also found to give values that are accurate guides in predicting the 
photoproducts obtained from these reactions.64
2.2 Formation of the tetrahydrophenanthrene derivatives.
Two possible substrates, 74 and 75, for this photocyclisation were readily obtained from 
the unsaturated aldehyde 57 by standard Wittig reactions65 (figure 2-7).
(figure 2-7)
SHMO Calculations were carried out to find the free valence indices in the first excited 
state, F*, of the carbon atoms that would become bound in the cyclisation reaction (Ca 
and Cb). To simplify the calculations the conjugated polyene section of the two 
substrates was considered in isolation from the rest of the molecule. Originally the 
calculations were carried out on the parent 1-ary 1-1,3-butadiene system 76 (figure 2-8 
and table 2-1).
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(figure 2-8)
Compound ^Pa £pb Fa* Fb* EF*
76 R = H 0.6197 1.2181 1.1123 0.5140 1.6263
76 R = CH3 0.8664 1.2188 0.8657 0.5133 1.3790
(table 2-1)
The usual Hiickel approximations were made for the conjugated carbon skeleton of the 
system using Streitwieser's table of suggested parameter values.66 The allylic methyl 
group in the molecule 76 (R = CH3) was treated according to the hetero-atom model, in 
which any hyperconjugation of the methyl group's orbitals into the 7t-system is 
considered. The aromatic methyl ether was treated according to the method of Zweig 
et al.67 in which the the 7t-system is regarded as extending from the benzene ring to a 
filled 'non-bonding' orbital of oxygen. No interaction is considered between the 
7t-system and the terminal methyl, although the effect of the alkyl group on the oxygen 
atom is included in the parameters of the latter. Calculations on 76 do not take into 
account any hyperconjugation of the methylene groups into the 7t-system of the 2,4a,5,6- 
tetrahydrophenanthrene substrates. In order to gauge the effect of these neglected 
groups, calculations were carried out on the methyl-substituted parent system 77 (figure 
2-9 and table 2-2).
(figure 2-9)
Compound ^Pa £pb Fa* Fb* EF*
77 R = H 0.6887 1.2200 1.0434 0.5121 1.5555
77 R = CH3 0.8643 1.2155 0.8678 0.5166 1.3844
(table 2-2)
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Comparison of these two sets of calculations shows very little difference in the final value 
of EF* (less than 5%). From these results it can be seen that the potential for the 
photochemical cyclisation is greatest in the unsubstituted diene 75, where ZF* > 1.50  
and so this substrate was chosen for initial studies of this reaction.
The 1-aryl-1,3-butadiene derivative 75 was dissolved in benzene, deoxygenated and 
irradiated under a nitrogen atmosphere using a medium pressure mercury lamp.55 After 
24 hours of photolysis it was found that no reaction had occurred. The addition of 2 
equivalents of a triplet sensitiser to the reaction also resulted in no observable 
photocyclisation. The lack of cyclisation when the triplet sensitiser was used is in 
accordance with studies that have been carried out on the photochemical cyclisations of 
stilbenes, which have tentatively identified the excited singlet state as the precursor to the 
cyclised product.68
A possible explanation for this apparent lack of reactivity is that an equilibrium is created 
between the starting material 75 and the cyclised product 78. If this is the case, the 
equilibrium greatly favours the starting material 75. Early work carried out on the 
cyclisation of 1,4-diphenyl-1,3-butadiene found that the reaction occurred under 
anaerobic conditions, but greater yields of the cyclised products were formed when the 
reaction was carried out under aerobic or oxidising conditions.62 The reaction was 
repeated under aerobic conditions in an attempt to trap any cyclised product as the 
naphthalene derivative 79 (figure 2-10),
(figure 2-10)
but no reaction was observed under these conditions.
Attempts to cyclise the methyl substituted compound 74 were also undertaken. No 
cyclisation was observed, but a cis-trans isomerisation did occur.* This photochemically 
induced isomerisation is a common reaction for olefins and is well documented. The cis- 
trans isomerisation of stilbene has been studied extensively52 and is thought to proceed 
through the triplet excited state. The direct absorption of light by either isomer results in
* The starting olefin was a mixture of the cis and trans isomers in a ratio of approximately 1 : 1 .  After 
irradiation the ratio was found to have changed to 2 : 3.
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the conversion of the molecule from the singlet ground state (So) to the corresponding 
singlet excited state (Si). The So —» Si transition is allowed by selection rules. Internal 
conversion then gives rise to the corresponding cis and trans triplet states (Ti) which may 
interconvert and subsequently revert back to the ground state species (figure 2-11).
H H H Ph
}“ ( Sl )= ( Sl
Ph Ph Ph H
(figure 2-11)
The fact that this cis-trans isomerisation occurs implies that excitation of the molecule to 
the singlet state is occurring, which then gives rise to the triplet excited state through 
internal conversion. Interestingly, the formation of cyclobutene products was also not 
observed in the irradiation of the two starting dienes, 74 and 75, probably due to the 
steric interactions in the molecule. From these results the formation of the tetracyclic ring 
system from the two tetrahydrophenanthrene compounds 74 and 75 appears to be 
unlikely.
In order to test this reaction on other substrates, the ester 80 was synthesized in good 
yield from the unsaturated aldehyde 57 by standard methods69 (figure 2-12).
(Et0)2P(0)CH2C02Et
NaH, -20°C to R.T.
(Figure 2-12)
Attempts to cyclise the ester 80 were made, as the extra conjugation of the ester group 
could favour the required 67t-electrocyclic reaction (cf 1,4-diphenyl-1,3-butadienes). 
SHMO calculations on the two methyl l-aryl-l,3-butadiene-4-carboxylate analogues 81 
and 82 were carried out to find the free valence indices of the carbons, Ca and Cb, which 
would become bonded during the cyclisation reaction (figure 2-13 and table 2-3).
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(figure 2-13)
compound ^Pa ^Pb Fa* Fb* IF *
81 1.1798 1.2555 0.5523 0.4766 1.0289
82 1.1845 1.2481 0.5476 0.4840 1.0316
(table 2-3)
In these calculations the ester group is taken as a combination of a carbonyl group66 and a 
methoxy group.67’i- It was found from these calculations that IF *  for the two carbons 
which would be involved in the cyclisation was still greater than 1 (though only just) and 
so, from the qualitative rules described previously, the cyclisation should still be allowed. 
Irradiation under anaerobic conditions of the trans-unsaturated ester 80 resulted in an 
inseparable mixture of the cis isomer 83 and the starting material 80 in approximately a 
1 : 1 ratio, (figure 2-14).
(figure 2-14)
Irradiation of the unsaturated ester 80 under aerobic conditions again resulted in a 
mixture of the cis and trans compounds with no sign of the naphthalene derivative 84 
(figure 2-15).
t  A SHMO treatment has been performed on the carboxyl groups of unsaturated acids.70 In this 
treatment the effect of the hydoxyl group on the rc-energies is constant for all the acids. This assumption 
allowed the author to ignore this group in the calculation as only relative quantities were required. 
However in our use of the SHMO a more exact calculation is required.
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(figure 2-15)
The lack of success of the cyclisation and the difficulties envisaged with the subsequent 
reduction of the tetra-substituted aromatic ring discouraged further attempts at this 
particular route.
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3.1 Attempted 1,4-reduction of enal 57.
The second route to the tetracyclic ring system of the natural product from the aldehyde 
57 that was considered, involved the formation of the appropriately functionalised enone 
85. It was proposed that the final step to the tetracyclic ring system would be through a 
base catalysed intramolecular Michael addition (figure 3-1).
Michael
addition
COoCH
P = protecting group
(figure 3-1)
An important step in this sequence is the reduction of the styrene double bond of the enal 
57, preferably to give a trans relationship between the protonated ß-carbon of the enal 
and the angular ester group (figure 3-2).
(figure 3-2)
Reduction of the styrene olefinic bond in the unsaturated aldehyde was examined first. 
Attempts at this reaction were made using dissolving metal reductions in ammonia, as 
there is ample precedent for the conjugate reduction of oc,ß-unsaturated carbonyl 
compounds using this method.71 The reduction was initially attempted using no 
additional proton source, since these conditions should avoid any over-reduction of the 
aromatic moiety or the angular ester group in the molecule. However, the reaction 
resulted in a large number of products and none of the required reduced aldehyde could 
be isolated. The reaction was repeated using various amounts of proton source (t-butyl 
alcohol) in order fully to reduce the compound through to the saturated alcohol, but under 
all the reaction conditions, a complex mixture of products resulted. The lack of success 
encountered with this methodology may be due to the ease with which the aldehyde acts 
as an acceptor in condensation reactions.
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The conjugate reduction of a,ß-unsaturated carbonyl compounds is a well studied and 
heavily used transformation in organic chemistry and so a wide variety of reagents have 
been developed to accomplish this reaction. The 1,4-reduction of the unsaturated 
aldehyde 57 was attempted using a number of these reagents, but no products from the 
reduction of the styrene double bond were isolated. However, the attempted 
1,4-reduction using diisobutylaluminium hydride (DIBAH), hexamethylphosphoric 
triamide (HMPA) and a catalytic quantity of methyl copper72 resulted in the formation of 
the corresponding alcohol 86, produced by simple 1,2-reduction. The alcohol 86 was 
also isolated as the major product when L-selectride in f-butyl alcohol was utilised 
(figure 3-3).
CuCH3 (cat), DIB AH, HMPA
or L-selectride, t-BuOH
(figure 3-3)
The formation of the alcohol 86 in preference to the 1,4 reduced product is possibly a 
result of the steric crowding of the tetra-substituted styrene double bond and the 
susceptibility of the aldehyde function to reduction. In the light of these results it was 
decided to synthesize the corresponding ethyl ketone, as this carbonyl function would not 
be as easily reduced as the corresponding aldehyde and has less of a tendency to form 
condensation products.
3.2 Formation of the enone 94
Formation of the allylic alcohol 87 using ethyl magnesium bromide proceeded in good 
yield from the unsaturated aldehyde 57, (figure 3-4)
OH
(figure 3-4)
Attempts at the oxidation of the alcohol 87 to the corresponding ketone using Jones's 
reagent,74 pyridinium chlorochromate (PCC)75 and pyridinium dichromate (PDC)76 were
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unsuccessful, resulting in a complex mixture of products. A complication that could arise 
with these chromium based reagents is the oxidation of the doubly allylic position in the 
molecule.* In an attempt to avoid this problem of oxidation of remote areas of the 
molecule, the milder oxidant silver carbonate /  celite (Fetizon's reagent)77 was used, 
resulting in the formation of a single product. However, it was found that the product 
was the hydroxy compound 88 and not the required enone (figure 3-5).
OH OH
AgC03 /  celite
benzene, A
(figure 3-5)
The compound 88 appears to result from the hydrolysis of the angular ester group in the 
slightly basic aqueous conditions, and subsequent oxidative decarboxylation to the 
dihydrophenanthrene compound 88. Interestingly, no ketonic products were observed 
(even the ketone of the dihydrophenanthrene product 88). Oxidation of the alcohol 87 
was also attempted using activated dimethyl sulfoxide (DMSO).79 This reaction was 
expected to be specific for the nucleophilic alcoholic function in the molecule and so the 
oxidation of the doubly activated methylene in the molecule should be avoided. 
However, the usual reaction of this type using DMSO and oxalyl chloride80’81 resulted in 
the exclusive formation of the trans triene 89 with no indication of the required 
unsaturated ketone (figure 3-6).
OH
OCH,
1. CH2C12, (COCl)2
2. Et3N
OCH,
(figure 3-6)
The mechanism of this oxidation is thought to involve the initial formation of the 
sulfonium salt 90 by attack of the sulfoxide oxygen on the electrophilic oxalyl chloride 
with subsequent loss of carbon dioxide and carbon monoxide. Nucleophilic attack by an
* Allylic oxidation using a variety of chromium reagents is well known and is a frequently utilised 
reaction. The oxidation of doubly allylic positions has been noted with PCC, although the unsaturated 
ketone formed in this reaction was only a small by-product.78
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alcohol on the reactive intermediate 90 yields the alkoxysulfonium salt 91. The addition 
of a base to this salt results in the formation of the ylid 92, which collapses by 
intramolecular 5-membered cyclic mechanism to the corresponding ketone (figure 3-7).
H3C' c +_rv (COCl)2j H3C\ II,s+-o . A  
h3c Y ^ i
rr - c o 2, CO
h3c s
s+—Cl 
h3ch3c
L o J 90
base VrT
H2C h k
R1
y=o
R2
(figure 3-7)
However in the case of the allylic alcohol 87 the ylid salt can break down by means of a 
6-membered cyclic transition state 93 to the corresponding triene 89 and regenerate 
dimethyl sulfoxide (figure 3-8).
- DMSO
(figure 3-8)
The driving force of this reaction over the more usual ketone formation is the production 
of the highly conjugated 1-phenyl-1,3-butadiene system. The exclusive product from this 
reaction was the trans triene 89, with no evidence for formation of any of the 
corresponding cis isomer. This can be explained from the two possible conformations of 
the 6-membered cyclic transition states of the ylid leading to the cis and trans trienes, 
(figure 3-9).
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(figure 3-9)
It is assumed that the carbon-oxygen bond is orthogonal to the plane of the conjugated 
double bond so maximum overlap between the carbon-oxygen G-bond (and, therefore the 
7t-orbital of the developing sp2 carbon) and the 7t-orbital of the styrene system occurs. 
This geometry also minimises non-bonded interactions with the aromatic hydrogen (H1). 
If R 1 = CH3 and R2 = H then the cis triene isomer will be produced. However, in this 
conformation there is a large non-bonded interaction between the doubly allylic hydrogen 
(H 3) and the methyl group. When R2 = CH3 and R 1 = H this destabilising steric 
interaction is minimised and so the trans triene is the favoured product from this 
reaction.*
An alternative oxidation of this type using DMSO, triethylamine and sulfur trioxide 
pyridine complex82 gave a mixture of the required unsaturated ketone 94 and the trans 
triene 89. However, the best result that was obtained was a mixture of the two 
compounds in a ratio of 1 : 2.3 (figure 3-10).
OH O
DMSO, Et3N
1 : 2.3
(figure 3-10)
The oxidation of the allylic alcohol 87 to the corresponding enone 94 in a reasonable 
yield appeared to be unlikely, due to the preferred formation of the triene 89, so a route 
involving the inversion of the aldehyde function's polarity was attempted (reactivity 
umpolung). This scheme involved the formation of the diastereomeric mixture of
* Only a single diastereomer of the allylic alcohol is shown (figure 9), but the same argument holds for 
the other diastereomer of the compound.
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trimethylsilyl (TMS) protected cyanohydrins 95 followed by the alkylation of the 
corresponding anion formed from these intermediates8^’84 (figure 3-11).
OTMS
TMSCN, Znl2
CH2Cl2 HaCO?C
(figure 3-11)
1. Base / /
2. EtI / /
3. H20 ,  H+
o c h 3
9 4
In the case of the aldehyde 57, the formation of the diastereomeric mixture of 
cyanohydrins 95 was demonstrated (*H NMR).* However, the deprotonation and 
subsequent alkylation of the protected cyanohydrin intermediates 95 could not be 
achieved even when a number of different bases were used (lithium diisopropylamkie, 
lithium 2,2,0,6-tetramethylpiperidicSe and n-butyl lithium). Only the starting aldehyde 
was isolated from these reactions after hydrolysis.
Another approach to the formation of the enone system is outlined in figure 3-12. It 
was hoped that temporary deactivation of the allylic position could be achieved by the 
formation of a lactone derivative from the demethylated angular ester function and the 
isolated A7 double bond in the molecule.
O
HO?C
(figure 3-12)
However, attempts to demethylate the angular ester group of enal resulted in the exclusive 
formation of the dihydrophenanthrene derivative 96, even when the reaction was carried 
out at room temperature (figure 3-13).
The reaction is usually carried out without the isolation or characterisation of these compounds.
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(figure 3-13)
The decarboxylation of the starting material 57 is clearly assisted by the aldehyde group 
in this molecule, as in work carried out on the similar substrate 97 it was found that the 
acid 98 could be produced without the form ation o f the corresponding 
dihydophenanthrene compound44 (figure 3-14).
EtOH, NaOH, A
HO?C
(figure 3-14)
The problems associated with the hydrolysis of the angular ester, the significant 
lengthening of the reaction sequence and the regeneration of the angular acid without the 
subsequent decarboxylation made this route unacceptable.
Attempts were made to reduce the styrene double bond of the unsaturated ketone isolated 
from previous reactions (figure 3-10) to see if it was worth persisting with the search 
for an acceptable method for the preparation of the enone 94. Samples of the ketone 
were subjected to dissolving metal reduction in ammonia. However, the reaction was 
again found to result in a complex mixture of products. The conjugate reduction was also 
attempted using the system; triethylsilane, trifluoroacetic acid (TFA) and carbon 
tetrachloride85, but this reaction was found to result in the formation of the trans triene 
89. The formation of the triene from this reaction is possibly due to simple 1,2 
reduction followed by the elimination of the resulting silyloxy function (figure 3-15).
O
(figure 3-15)
3.3 Oxidation of the enal 57 to acid derivatives
Oxidation of the aldehyde to the corresponding acid derivatives was undertaken to test the 
susceptibility of these unsaturated carbonyl compounds to 1,4 reduction. The oxidation 
of aldehydes to the corresponding acids and derivatives has been achieved using a variety
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of oxidants. The methods employing chromium based reagents would not be mild 
enough for use on the unsaturated aldehyde 57 because of the doubly activated allylic 
position in the molecule, while attempts to prepare the corresponding methyl ester 
utilising freshly prepared manganese dioxide, sodium cyanide, acetic acid and methanol86 
were found to result in the isolation of only starting material. Carboxylic acids have been 
produced from aldehydes by sodium chlorite oxidation. This reaction is very mild, 
occurring in slightly acidic medium (approximately pH 3.5) and is reported to be specific 
to aldehydes. The mechanism is thought to proceed through chlorite attack on the 
protonated aldehyde87 (figure 3-16).
H+, Na02Cl HO H
V
R OCIO
- HOC1
(figure 3-16)
However, the hypochlorous acid produced during the reaction can react further with more 
chlorite to give chlorine dioxide gas.
HOC1 + 2N a02Cl 2C102 + NaOH + NaCl
The chlorine dioxide can then give unwanted side reactions with the substrate and product 
and drastically reduce yields. Therefore, an important consideration in the use of this 
procedure is the addition of a suitable scavenger for the hypochlorous acid to avoid any 
side reactions due to the formation of chlorine dioxide in the reaction medium.
The unsaturated acid 99 was first prepared in 65% yield from the enal 57 by Kraus's 
m odification88 of Lindgren's chlorite oxidation,87 utilising 2-methyl-2-butene as the 
scavenger. However, better yields of the acid were realised when another modification of 
this reaction was used,89 whereby the aldehyde is treated with sodium chlorite in THF, 
using 1,3-dihydroxybenzene (resorcinol) as the scavenger* (figure 3-17).
* In this paper dioxane was used as the solvent. However, it was found that THF was an effective 
replacement and so this less toxic solvent was used.
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N a02Cl, Na2H P03
H20 ,  t-BuOH, 
65% yield
OCH
9 9
N a02Cl, Na2H P03, THF
H20 ,  resorcinol 
87% yield
(figure 3-17)
Although attempts at 1,4 reduction of unsaturated acid 99 using dissolving metals in 
ammonia were unsuccessful, the diester derivative 100 (figure 3-18), formed with 
diazomethane, was successfully reduced.
10 0
(figure 3-18)
3.4 Conjugate reduction of unsaturated ester 100.
A dissolving metal reduction was performed on the derived diester 100 and the 
quenching carried out with solid ammonium chloride. This resulted in the isolation of 
three products, the hydroxy ester 101, the dihydroxy compound 102 and the acyloin
103, (figure 3-19).t
t  The relative stereochemistry of the stereogenic centres of the products has been defined. The formation 
of these compounds will be discussed later in the chapter.
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O
101 r  = c o 2c h 3
102 R = CH2OH
(figure 3-19)
Solid ammonium chloride is often used to quench the dissolving metal reduction of 
enones when ketonic products are required,71 but the reaction of the ammonium ions with 
the solvated electrons in the reaction may be slower than protonation of the metal enolate 
so that reduction of the resulting ketone can occur. Thus, in the conjugate reduction of 
the diester 100, significant amounts of the dihydroxy product 102 resulted. This was 
avoided by the dropwise addition of isoprene to the reaction before quenching with 
ammonium chloride. The isoprene destroys any excess reductant without protonation of 
the enolate products occuring. This reaction resulted in the isolation of two compounds: 
the hydroxy ester 101 and the previously unseen lactone 104, (figure 3-20).
O
1. Li, NH3, THF
2. isoprene
(figure 3-20)
Of interest in both reactions is the reduction of the angular ester group to the hydroxy 
methyl derivative. In the reduction of the tricyclic diester 100 no alcohol (t-butanol) was 
added to the reaction mixture* and so the ammonia in the reaction must act as the proton 
source for ester reduction as well as the ß-protonation of the allylic anion intermediate 
formed from the 1,4 reduction of the enone system. The unexpected reaction of the 
angular ester group is fortuitous as it allows the differentiation between the two 
methoxycarbonyl groups.1'
No proton source was added to the reaction mixture to protect the other reducible functionality in the 
molecule.
t  The angular ester group was to have been reduced to the corresponding alcohol later in the sequence 
(figure 3-42).
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3.5 Stereochemistry of the 1,4-reduced products.
The stereochemistry of the products was of great interest as the requirement was for a 
product with a trans configuration at the ring junction. The 1,4 reduction of octalones 
using dissolving metals in ammonia is well documented and the precedent for the 
formation of the trans ring fusion is well known71 (figure 3-21).
(figure 3-21)
The reduction stereochemistry at the ß-position is established by the protonation of an 
allylic anion intermediate. There are three probable conformations for this pyramidal 
anion intermediate71»91 (figure 3-22).
(figure 3-22)
In the conformer 105 the carbanion sp3 orbital is orthoganol to the 7t-bonding orbitals of 
the double bond, so that stabilisation by orbital overlap is minimal. The stabilisation of 
the allylic anions 106 and 107 is equally effective as the carbanion sp3 orbital overlaps 
with the 7t-bond orbitals of the olefinic bond in both cases. However, conformation 107 
has less severe 1,3 diaxial interactions than 106 and so it may be assumed that the 
kinetically favoured transition state structure will be based on the more stable 
conformation 107 and so lead to the observed major trans fused product of the reaction.
In the case of phenanthrene analogues of the general formula 108, the stereoelectronic 
effect of the aromatic moiety must be considered (figure 3-23).
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The conjugate reduction of these compounds results in a benzylic anion which can have 
three possible conformations as discussed above (figure 3-24).
In the possible conformation 109, the carbanion sp3 orbital is out of the plane of the 
7t-orbitals of the enolate double bond. However, the anion may be stabilised by 
conjugation with the aromatic ring. In the case of the conformer 110 the carbanion can 
be stabilised by conjugation with the enolate olefin bond, but not the phenyl ring. Only in 
the conformer 111 can the carbanion sp3 orbital overlap with both the 7t-bonding orbitals 
of the enolate olefinic bond and the phenyl ring and so stabilisation of the anion by 
conjugation is maximised. This stabilisation of the conformer 111 by these 
stereoelectronic effects and the less severe 1,3 diaxial interactions may therefore be 
expected to result in the formation of the trans fused compound as the major product from 
the reaction. A number of of phenanthrene compounds of this type have been reported to 
yield the trans fused products from dissolving metal reductions of the styrene double 
bond.71
However, the phenanthrene analogues 112,92 113 and 11493, when subjected to the 
dissolving metal reduction process, resulted in the isolation of predominant amounts of 
the cis fused products, which is in conflict with these arguments and earlier observations 
(figure 3-25).
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112 R = H
113 R = CH3 R = CH3 65:35
65 : 35
(figure 3-25)
The low yields of the trans compounds in the case of these phenanthrene analogues was 
rationalised by the consideration of the impact of the peri interaction experienced by the 
enolate olefinic hydrogen and the proximate aromatic hydrogen in the necessarily planar 
conformation of the presumed intermediate 11192 (figure 3-26).
O’ +Li
111
(figure 3-26)
This non-bonding interaction destabilises the conformer 111 relative to 109 and 110 
(figure 3-24). In the conformations 109 and 110 of the intermediate benzylic anion 
that act as the precursors to the cis fused product, this severe destabilising peri interaction 
is avoided- It appears that the loss of conjugation with either the phenyl ring or the 
enolate olefinic bond is small compared to the avoidance of this steric interaction.
In the case of the exocyclic enolate produced from the 1,4 reduction of the unsaturated 
ester 100, the peri interaction would appear to be even greater and so the cis ring fusion 
would be expected to be the major product of the reaction depending on the balance of the
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stereoelec tronic effects and non-bonding interactions.* The major product, the hydroxy 
ester 101, from the dissolving metal reduction of the diester 100 was examined to find 
the stereochemistry at the newly formed ring junction (figure 2-27).
H1
OCH3
(figure 3-27)
In an attempt to find the stereochemical relationship between the three newly formed 
stereogenic centres, the molecule w'as subjected to a nuclear Overhauser enhancement 
(nOe) NMR experiment An nOe enhancement was observed between the olefinic proton 
H3 and the pseudo-axial benzylic proton H4. This experiment showed that the two 
protons H3 and H4 are close in space, which is only possible if the benzylic proton H2 
and the angular hydroxymethyl function have a cis relationship and the molecule occupies 
the conformation 117 (figure 3-28).
* It has been reported that the 1,4 reduction of the enone 115 using lithium in ammonia resulted in the 
isolation of the trans fused product 116.94
In the light of these results, the report of the formation of the trans fused product 116 must be considered 
doubtful since the methyl group a  to the ketone would result in a severe non-bonding interaction with the 
aromatic proton in the required transition state. This is also the case the other reports.71
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(figure 3-28)
From a 2D proton / proton correlation (COSY) experiment it was found that the proton a  
to the ester function, H1 had a coupling of 3.5Hz with the benzylic proton H2 and 
couplings of 8.7 and 4.8Hz with the vicinal allylic protons. This is consistent with the 
ester group having an equatorial position (figure 3-29).
(figure 3-29)
The other possible conformation of the cis fused product was discounted, because the 
two protons H3 and H4 would be well separated in space and would not be expected to 
show an nOe enhancement (figure 3-30).
\
och3
118
(figure 3-30)
The correspondingrrarcs product 119 could also be excluded for the same reason (figure 
3-31).
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H2
^ > ^ - och3
119
(figure 3-31)
The ester product 101 in this case would derive from the kinetic protonation of the 
intermediate ester enolate from the least hindered face. Molecular modelling calculations 
on the two conformations of the intermediate enolate were undertaken to see if there is a 
marked difference in their energies. However, it was found from these calculations that 
the two enolates had very similar energies and so were expected to be in approximately a 
1 : 1 ratio and rapidly interconverting in the reaction medium when the protonation 
occurs. Close examination of the molecular models showed that in the conformer 120 of 
the intermediate, one face of the enolate is hindered by the proximate aromatic proton, 
while the other is sterically encumbered by the angular hydroxymethyl group (figure 
3-32).
(figure 3-32)
In the other conformer 121, one face of the enolate is significantly shielded by the axial 
proton H5. However the other face of the enolate in this conformer is relatively open and 
so the protonation is likely to occur from this face of the molecule in this conformation.* 
(figure 3-33).
* Even though the enolate exists as two conformers, only one product is formed from the protonation 
from one face of one of the conformers. This is an example of the Curtin-Hammett principle, which 
states that the ratio of products formed from conformational isomers is independent of the conformer 
population.
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’H+' H3C9
och3
(figure 3-33)
If protonation of the enolate occurs from this face of the enolate in the conformer shown it 
would result in the correct stereochemistry of the ester function anti to the hydroxymethyl 
function in the molecule, but the resulting molecule would be in the incorrect 
conformation to that suggested by the NOE experiments. However, the axial ester group 
resulting from the protonation of the enolate has a large destabilising steric interaction 
with the axial proton H5 (figure 3-34)
and could be expected to result in a change to the more favourable conformer with the 
ester in equatorial position. Molecular modelling calculations of these two molecules 
confirmed this premise, as the conformer that was indicated by the NMR data was of 
significantly lower energy (95.33kJ) than the conformer resulting directly from the 
protonation of the enolate (103.83kJ).
It was of interest to see if the lactone 104 isolated from the dissolving metal reaction 
(figure 3-20) also contained the cis relationship between the benzylic proton and 
angular hydroxymethyl function. The other possibility would be the formation of the 
trans fused compound as a minor product in the reaction. The crystalline lactone 104 
was studied to determine the stereochemistry of the newly formed ring fusion (figure 
3-35).
H
(figure 3-34)
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OCH3
(figure 3-35)
In the *H NMR spectrum of this compound it was found that one of the lactone 
methylene protons, H2 and H3, appeared as a doublet of doublets (J  =11.0 and 1.7Hz) at 
3.53ppm. The large coupling was a result of a 2 bond geminal coupling with the other 
methylene proton (3.95ppm). From a 2D proton /  proton *H NMR (COSY) experiment it 
was found that the 1.7Hz splitting was a result of a 4 bond coupling with the benzylic 
proton H 1. From studies of molecular models, if the newly formed ring junction was 
trans the equatorial lactone proton H2 would have the correct geometry for a 4-bond 'W  
coupling (figure 3-36).
However, if the molecule has a cis ring fusion, a 4 bond 'W  coupling is impossible, but 
there would be the potential for a 1,3 diaxial coupling between the benzylic proton H 1 and 
the axial lactone proton H3 (figure 3-37).
(figure 3-36)
(figure 3-37)
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Usually 1,3 diaxial couplings are very small (smaller than 1Hz) while 'W couplings, 
especially in conformationally locked compounds such as in the case of the lactone 104, 
are often larger and in the range l-3Hz. The observed coupling is good evidence that the 
benzylic proton and the lactone methylene group have a trans relationship. Of interest is 
the apparent 'equatorial' protonation of the enolate to give the axial ester function. The 
ester enolate from the conjugate reduction can be protonated from two faces. In this case 
kinetic protonation occurs from the less hindered face of the enolate resulting in the axial 
ester that readily lactonises with the axial hydroxymethyl group (figure 3-38).
In the original dissolving metal reaction quenched with ammonium chloride none of the 
lactone 104 was isolated, However, the acyloin compound 103 was produced (figure 
3-39).*
The compound 103 is produced by an intramolecular acyloin condensation.95 The 
reduction of the activated double bond in a dissolving metal reaction is a very rapid 
reaction. The resulting ester enolate can then be protonated and if this occurs before any 
reduction of the angular ester group two compounds can result. The major product with a 
cis relationship between the protonated ß-position of the enal and the ester group, after 
protonation, would have the two ester groups in the compound 122 anti to each other 
and so no further reaction can proceed except simple reduction of the two groups to give 
the dihydroxy compound 102. However, after the protonation of the material possessing
* See also (figure 3-19).
OLi
(figure 3-38)
o
//
(figure 3-39)
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a trans ring fusion, the intermediate diester compound 123 would have the two ester 
groups syn to each other. The addition of two electrons to this diester compound would 
result in the formation of the diradical intermediate 124. Coupling of the radicals and 
loss of 2 moles of methoxide would form the acyloin compound 103 (figure 3-40).
OCHi
OOT
(figure 3-40)
3.6 1,4-reduction of the enal 57.
When the conditions developed with the diester 100* were used with the original enal 
57, it was found that the corresponding hydroxy aldehyde 125 was produced as the only 
isolable product (figure 3-41).
2. isoprene
3. NH4C1
(figure 3-41)
However the yields of this compound from this reaction were very poor, ranging from 
28% to 42%. The low yields associated with the conjugate reduction of this enal is 
possibly due to the unreacted aldehyde acting as an acceptor in intermolecular aldol
* Originally the 1,4 reduction of the unsaturated diester 100 was carried out by adding small pieces of 
lithium to a solution of the substrate. However this method was found to be unpredictable, especially on 
larger scales, resulting in a complex mixture of products. It was subsequently found that the inverse 
addition of the diester 100 to the reducing medium gave greater yields of products and could be performed 
on a much larger scale.
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reactions. The low and unpredictable yields associated with this reaction made it an 
unacceptable alternative to the reduction of the diester 100.
The dissolving metal reduction of the diester 100 results in good yields of the 
corresponding cis fused 1,4 reduced hydroxy-ester. This compound was used in further 
reactions to elaborate the skeleton of the tetracyclic. The use of this cis fused intermediate 
in the formation of the tetracyclic ring system of the natural products is feasible since the 
planned removal of the hydroxymethyl group by means of a retroaldol reaction in a 
hydroxyketone intermediate 126 at a later stage allows the inversion of C5a (figure 3- 
42).
However, the cis ring fusion at this position may cause problems during the sequence and 
uncertainties in the assignment of the relative configuration of further stereogenic 
positions in the molecule.
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4.1 Functionalisation of the sidechain.
Before the further elaboration of the molecular skeleton the angular hydroxymethyl 
function was masked. The alcohol function of the ester 101 was originally protected 
with a methoxymethyl group under the standard conditions96 to give the ester 127
(figure 4-1).
MOMC1, EtN(i-Pr)2
DMAP, 0°C to RT
MOMO
(figure 4-1)
The next step in the planned synthetic route was the formation and protection of the ethyl 
ketone sidechain before the reduction and subsequent functionalisation of the aromatic 
moiety in the molecule. The original path to the required ethyl ketone sidechain was to be 
by means of a simple homologation of the corresponding acid as this would only involve 
two simple steps (figure 4-2).
Attempts to prepare the acid by the usual alkaline hydrolysis were successful, but resulted 
in a 1 :1  intractable mixture of the two epimeric carboxylic acid products 128. In order 
to avoid this problem, attempts were made to demethylate the ester using the nucleophilic 
thiolate reagent, lithium thiomethoxide.97 The hydrolysis of the ester function in 
compound 127 using this reagent proceeded in good yield, but also resulted in the 
formation of a mixture of the epimeric acids 128* (figure 4-3).
* The reaction using the thiomethoxide reagent resulted in the formation of a 3 : 1 mixture of 
non-epimerised acid and the isomeric material.
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NaOH, CH3OH, H20
or CH3SLi, CH2C12
MOMOMOMO
(figure 4-3)
The formation of ketones from acids is a well documented procedure in the literature.98 
The most commonly used procedure is the addition of two equivalents of organometallic 
reagent to the acid, which results in the dianion 129 (figure 4-4).
R!M r !m
0 'M +
0"M+
H30 + O
R 1
129
(figure 4-4)
The corresponding ketone is released from the dianion intermediate 129 by mild acid 
hydrolysis. A common problem associated with this reaction is the formation of the 
corresponding tertiary alcohol as a side product. This side-reaction is due to the 
formation of the dianion 129 in the presence of the starting acid. Protonation of the 
intermediate 129 by the free acid releases the ketone, which can undergo a further 
addition reaction with the organometallic reagent to give the corresponding tertiary 
alcohol. The formation of the tertiary alcohol was avoided with the epimeric mixture of 
acids 128 by the careful addition of two equivalents of ethyl lithium at low temperature 
(-50°C)+ with the subsequent warming of the reaction mixture. Any excessive 
organometallic reagent was quenched with dry methyl formate before hydrolysis of the 
intermediate dianion to ketone.99 The formation of the corresponding ketones 130 could 
be accomplished in 80% yield using this technique (figure 4-5).
O
MOMO MOMO
(figure 4-5)
t  The addition of the organolithium reagent at this low temperature allows the formation of the acid salt, 
but the temperature is too low for the nucleophilic addition to this species. This results in the complete 
formation of the salt before the formation of any of the dianion 129.
- 53-
The major complication with this route to the ketone was the formation of the inseparable 
epimeric mixture of acids 128 when the ester group was demethylated. The mixture of 
acids and ketones complicates the further elaboration of the molecular skeleton (see 
chapter 5). To avoid the problem of epimerisation, the formation of the ketone derivative 
was achieved by the reduction of the ester 127 to the corresponding alcohol 131, which 
was oxidised to the aldehyde 132 using PDC.76 The aldehyde 132 was treated with 
ethyl magnesium bromide to give a diastereomeric mixture of the alcohols 133 which 
could be oxidised to the corresponding ethyl ketone 134 using Jones's reagent74 
(figure 4-6).
o
mol sieves
MOMO OCHo MOMOOCH< MOMO
EtMgBr, Et2Q
MOMOMOMO
(figure 4-6)
It was considered that the ketone function in the intermediate 134 could be protected as 
the ethylene acetal. Care had to be taken in the formation of this species as strong acid 
could cause the epimerisation of the ketone function, or cleavage of the methoxymethyl 
group present in the molecule. Protection was initially attempted using a 
trans-acetalisation reaction,100 but no reaction was observed even at higher temperatures. 
Acetalisation under aprotic conditions,101 using frfs-(l,2-trimethylsiloxy)ethane and 
trimethylsilyl triflate (TMSOTf) was attempted, but none of the expected acetal 135 was 
isolated from this reaction, again, even when elevated temperatures were used (figure 
4 -7 ).
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(figure 4-7)
None of the protected ketone was isolated from these reactions, probably as a result of the 
steric crowding of the ketone function in the molecule by the proximate aromatic proton 
H 1. The tetrahedral acetal group would markedly increase the non-bonded peri 
interactions between the sidechain and the proton H 1, so the formation of the protected 
species is disfavoured (figure 4-8).
MOMO
(figure 4-8)
As no protection of the ketone group was observed in this reaction it was decided to 
p ro tect the diastereom eric m ixture of alcohols 133 (figure 4-6). The 
r-butyldimethylsilyl group (TBS) was chosen so that the two protected alcohols could be 
easily differentiated later in the sequence. The diastereomeric mixture of alcohols 133 
were protected in the usual manner102 to give the corresponding silyl ethers 136 (figure 
4-9) .
OH OTBS
TBSC1, DMF,
MOMO MOMO
(figure 4-9)
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Spectroscopic monitoring of further reactions in the sequence is complicated by the 
diastereomeric mixture of silyl ethers. However, these two diastereomers could be 
efficiently separated later in the sequence.
4.2 Elaboration of the C-ring
The formation of the protected latent ethyl ketone could be carried out in reasonable yields 
and so the reduction and functionalisation of the aromatic moiety in the molecule was 
investigated. It was important that the formation of the ring fusions in the molecule be 
carefully controlled to give the cis-anti-trans backbone stereochemistry. This was an 
important consideration because all the new bridgehead protons will be remote from any 
functionality in the molecule and so epimerisation of these centres may not be possible at 
a later stage (figure 4-10).
OTB S o
MOMO MOMO
(figure 4-10)
4.2.1 Model studies.
In order to have an efficient elaboration of the aromatic portion of 136, model studies 
were undertaken on the readily  available substrate; 6 -m ethoxy-l,2 ,3 ,4 - 
tetrahydronaphthalene (137). The Birch reduction of this compound resulted in the 
formation of the corresponding 1,4 dihydro-compound 138 which was immediately 
converted to the ß,y-enone 139 by acid hydrolysis using aqueous oxalic acid103’* 
(figure 4-11).
* The Birch reduction was carried out on technical grade starting material 137 and so the 1,4 dihydo 
product 138 was hydrolysed immediately to the more readily purified enone. In the original paper this 
acid hydrolysis was carried out using sodium hydrogen sulphite. However it was found that aqueous 
oxalic acid gave good yields of the non-conjugated enone 139 without contamination by any of the 
conjugated isomer.
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137 138 139
(figure 4-11)
Two possible routes were envisaged from the non-conjugated enone 139. The first 
sequence that was considered is outlined in figure 4-12.
(figure 4-12)
This route involved the acylation of the ß,y-enone 139. The acylation of this enone 
should initially result in the ß-ketoester 140, but this product would almost certainly 
undergo rapid isomerisation of the double bond into conjugation with both the ketone and 
ester carbonyl functions. The 1,4-reduction of the resulting conjugated enone 141 
would be expected to be reasonably simple, because of the activation of the olefinic bond 
by both the ketone and ester groups to give the trans fused ß-ketoester 142. However, 
attempts to acylate the ß,y-enone 139 using methyl cyanoformate104 were unsuccessful 
and so this route was abandoned.
The second route to the functionalised C-ring was to involve the formation of the 
conjugated enone 143 from the ß,y-enone 139. This reaction was readily achieved by 
the acid catalysed isomerisation of the double bond103 (figure 4-13).
(figure 4-13)
The next step in this sequence was the formation of the ß-ketoester 142 by the reductive 
acylation of the enone 143 with protonation of the ß-position of the enone giving a trans 
ring fusion. The conjugated enone 143 was subjected to dissolving metal reduction with 
the acylation of the resulting lithium enolate by methyl cyanoformate.104 When THF was 
used as the acylation solvent it was observed that small amounts of the O-acylated 
compound 144 were formed in the reaction along with the required ß-ketoester 142. 
However, the formation of the undesired enol carbonate 144 could be avoided by using
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the less polar diethyl ether as the acylation solvent105»*. This reaction should give the 
ß-ketoester 142 with the required trans fused ring junction, as there is ample precedent 
for this stereochemical outcome (see chapter 3)71 (figure 4-14).
1. Li, NH3, t-BuOH
2. Isoprene 
0 3 . NCCO2CH3
143
OCOoCH
solvent product ratio
THF 20 : 1
Diethyl ether 1 : 0
(figure 4-14)
The resulting ß-ketoester 142 was then methylated to give as the only isolable compound 
the product with an axial methyl group 145+ . The final step in this synthetic sequence is 
the formation of the enone system. The ß-ketoester 145 was treated with lithium 
diisopropylamifle (LDA) and the resulting enolate allowed to react with phenylselenyl 
chloride (PhSeCl)106 to give an epimeric mixture of the a-keto selenides 146. This 
diastereomeric mixture of selenides was treated with hydrogen peroxide and pyridine to 
give the required enone 147, (figure 4-15).
NaH, CH3I
THF
O
H :
C0 2CH3
142
1. LDA, THF
2. PhSeCl
O
H =
C0 2CH3
145
H2Q2» Py-
c h 2c i2
h
(figure 4-15)
This route allowed the formation of the required functionality in good overall yield from 
the aromatic compound 137.
This change in site-selectivity is discussed in chapter 6.
The stereochemical outcome of the alkylation of ß-ketoesters and the acylation of cyclic enolates is 
discussed in detail in chapter 6.
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4.2.2 Formation of the conjugated enone 154
This route was then attempted on the hexahydrophenanthrene substrate 136. The 
aromatic moiety in the substrate 136 was reduced using standard Birch reduction 
conditions.46 The resulting methyl enol ether 148 was immediately hydrolysed to the 
corresponding diastereomeric mixture of non-conjugated enones 149 using aqueous 
oxalic acid* (figure 4-16).
OTBS OTBS OTB S
Li, NH3, t-BuOH
MOMO MOMO O O L  MOMO
(figure 4-16)
In the next step of the sequence the retention of the two acid sensitive protecting groups in 
the starting substrate was of major concern, because in the model compound the 
conjugated enone 143 was formed from the ß/y-enone 139 using aqueous hydrochloric 
acid. If these reaction conditions were used with the enone 149, the cleavage of either or 
both protecting groups was envisaged. In an attempt to avoid these possible side 
reactions base catalysed isomerisation was attempted. The use of basic conditions for this 
reaction was tested on the model, non-conjugated enone 139 . It was found that the 
isomerisation of the olefinic bond occurred readily to give the isomeric enone 143 when 
the starting material was stirred at room temperature with l,8-diazabicyclo-(5.4.0)-undec- 
7-ene (DBU) in THF. The isomerisation was also found to occur when the non- 
conjugated substrate 139 was treated with potassium r-butoxide (f-BuOK) in r-butyl 
alcohol (r-BuOH) (figure 4-17).
DBU, THF or
U [ i  t-BuOK, t-BuOH ”
139
(figure 4-17)
H
143
These reaction conditions, though, were found to be unsuccessful with the more 
complicated substrate 149 (figure 4-18).
The diastereomeric mixture of the protected alcohols was separated at this point in the sequence.
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OTBS
DBU, THF or
t-BuOK, t-BuOH
MOMO
no reaction
(figure 4-18)
It appeared that either the tetrasubstituted double bond of the non-conjugated enone was 
thermodynamically more stable than the trisubstituted conjugated olefinic bond of the 
isomerised material, or that the protonation of the y-position of the anion formed was 
difficult, possibly because of the steric hindrance caused by the protected hydroxypropyl 
sidechain (figure 4-19).
OTBS
MOMOCH
(figure 4-19)
In order to lessen the possible steric interaction around this centre deprotection of the 
sidechain hydroxyl function was attempted. The free hydroxyl group on the sidechain 
might also aid the protonation of the proximate terminal carbon of the conjugated anion. 
Attempts to remove this silyl function were made using anhydrous tetrabutylammonium 
fluoride (TBAF) in THF, which is a commonly used and mild method for the 
deprotection of these groups.102 The reaction was found to result in a single product 
(although in fairly low yield), which interestingly still possessed the TBS group. From 
spectroscopic analysis of this compound it was found that the product was actually the 
catechol 150 (figure 4-20).
OTBS OTBS
TBAF, THF
MOMO MOMO
1 5 0  OH
(figure 4-20)
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The formation of this unexpected product must occur from the fluoride acting as a base 
rather than as a nucleophile to remove the silyl group. Anhydrous fluoride anion is 
known, and has been used frequently, as a base in a variety of reactions.107 It was of 
interest as to the origin of the oxygen of the new aromatic hydroxyl group. The reaction 
was repeated on a small scale but with a dry air atmosphere. The reaction was clearly 
accelerated and so molecular oxygen appeared to be the source of the new aromatic 
hydroxyl oxygen* . A possible reaction sequence would be the formation of the allylic 
anion 151 which traps molecular oxygen to give the hydroperoxide 152. This relatively 
unstable species would break down to give the diketone 153 which then aromatises to 
give the catechol product 150 (figure 4-21).
OTBS OTBS OTBS
MOMO * 0  MOMOO MOMO
1 5 2  6 .
OTBSOTBS
MOMOMOMO
15 0  OH15 3  O
(figure 4-21)
The model non-conjugated enone 139 (figure 4-17) was treated with a solution of 
TBAF to see if the formation of the catechol was a general reaction of these ß,y-enones, 
but it was found the formation of the conjugated enone 143 occurred. The formation of 
the catachol 150 showed that the required anion is being formed in the reaction, but that 
the protonation of the y-position of the enone does not occur.
The lack of success using these basic conditions prompted attempts to isomerise the 
olefmic bond using acidic conditions. This method is complicated by the need to preserve 
the two protecting groups in the molecule. The substrate 149 was treated with aqueous 
hydrochloric acid in THF. This reaction resulted in a number of products probably due to 
the deprotection of the hydroxyl groups. However, signals corresponding to products
In the same reaction carried out under a nitrogen atmosphere the oxygen was probably dissolved in the 
solution of TBAF.
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containing the enone function were observed in the NMR spectrum of the crude 
reaction mixture.*  It was considered that the use of anhydrous strong acid might slow the 
cleavage of the protecting groups compared to the isomerisation of the double bond. 
Originally, attempts at this reaction were made with anhydrous trifluoroacetic acid, 
however, no isomerisation of the double bond was noted. When hydrogen chloride gas 
was bubbled into a solution of substrate 149 in dry THF, a mixture of starting material 
(approx. 34%) and the required conjugated enone 154 (approx. 36%) was found to 
result.* These were readily separable by column chromatography (figure 4-22).
(figure 4-22)
The maximum amount of the conjugated enone isomer 154 was produced after 
approximately one to two hours, after which there appeared to be a decrease in the 
amount of both the starting material 149 and the conjugated enone product 154 in the 
reaction mixture. The decrease in the yields after extended periods of reaction was 
possibly due to the cleavage of the acid sensitive protecting groups in the molecule.
The relative stereochemistry of the stereogenic centre formed during this reaction was of 
great importance, as it is vital that the protonation of the y-position of the anion results in 
the anti configuration. Studies of models show that a syn configuration can only be 
achieved with an 'all-chair' conformation if the hydroxypropyl sidechain takes up an 
extremely hindered axial conformation (cf chapter 3, figure 3-34) (figure 4-23).
* These species were tentatively identified from the *11 NMR spectrum of the crude reaction mixture. 
Signals were noted in the range 6-7ppm.
* This reaction was quite difficult to control and yields varied, often resulting in large amounts of non- 
recoverable material. This was possibly still due to the cleavage of the protecting groups in the acidic 
reaction medium.
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0
H3COH2C
(figure 4-23)
The hydroxypropyl group cannot take up an equatorial conformation when a syn 
relationship is formed in this reaction, as the B-ring would have to take up a boat 
configuration. However, an all chair conformation is possible when the hydroxypropyl 
group takes on an equatorial conformation, if the compound has the required cis-anti 
backbone stereochemistry (figure 4-24).
TBSO
MOMOCH
(figure 4-24)
Thus it can be reasonably expected that the product will have the all-chair cis-anti 
configuration, which minimises non-bonded interactions.+ The starting material isolated 
from this isomerisation reaction could be recycled and so a reasonable overall yield of the 
conjugated enone could be obtained.
4.2.3 Formation of the ß-ketoester 157
The next step in the sequence was the reductive acylation of this conjugated enone 154. 
The correct stereochemical outcome of this reaction was also essential to a successful 
outcome for the synthesis, ie protonation of the ß-position of the enone would have to 
result in the trans ring fusion. The reductive acylation was carried out using diethyl ether 
as the solvent.105 The reaction resulted in three products; the required ß-ketoester 155
"1 Evidence for the anti fused material in this reaction was obtained by spectroscopic means in an 
intermediate 181 later in the sequence (chapter 5)
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and the two diastereomeric cyanohydrin products 156.* The cyanohydrin products could 
be converted into the corresponding ß-ketoester 155 by treating the crude reaction 
mixture with aqueous lithium hydroxide in THF (figure 4-25).
LiOH, THF, H20
/ \
OTB S OTBS OTB S
1. Li, NH3, t-BuOH
2. Isoprene
3. N CC02CH3
MOMO MOMO O MOMO
(figure 4-25)
The stereochemistry of the ß-protonation step in this reaction will again be dependent on 
the stability of the allylic anion formed from the 1,4-reduction of the activated double 
bond (see chapter 3). There are two probable structures for the allylic anion in this 
molecule with the cis-anti backbone stereochemistry that was deduced earlier. In the 
structure leading to the trans stereochemistry after protonation, the carbanion sp3 orbital 
can overlap with the 71-bonding orbitals of the enolate double bond. This structure also 
minimises any 1,3-diaxial interactions in the molecule (figure 4-26).
TBSO
(figure 4-26)
In one of the structures of the anion leading to the cis stereochemistry at the newly formed 
ring junction the sp3 orbital can also overlap with the 7t-bonding orbitals of the enolate 
double bond. However the 1,3-diaxial interactions are much more severe than those in 
the structure leading to the trans isomer. This structure also has a destabilising interaction 
between the pseudo-axial proton H 1 a  to the enolate double bond and the protected 
hydroxypropyl sidechain (figure 4-27).
A pure sample of only one of the cyanohydrin products could be isolated from this reaction.
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TBSO
MOMOCH
(figure 4-27)
From a consideration of these structures the trans compound is the expected product from 
this reaction.*
The product 155 was methylated to give the ß-ketoester 157. It was assumed that the 
alkylation reaction results in the formation of the product with an axial methyl group. 
This prediction is based on numerous precedents, details of which are discussed in 
chapter 6 (figure 4-28). .
OTBS OTBS
MOMO
(figure 4-28)
The introduction of the enone double bond was the next step in the reaction sequence. 
Methods utilising selenium chem istry106 were attempted on the substrate 157, but 
resulted in a number of inseparable products."1 This sequence of reactions showed that 
the formation of the cis-anti-trans backbone stereochemistry is feasible in this system, but 
the formation of the enone appeared to be a problem.
* Tentative proof of the trans relationship of the two bridgehead protons of this ring fusion has also been 
found in a later intermediate 181 (chapter 5).
 ^ It appeared as if some enone was formed, however, none of this compound could be isolated pure from
the reaction.
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5.1 Formation of the epimeric methyl ethers 158 and 159
To improve the yields of the previous sequence of reactions, the protecting groups were 
changed so that the intermediates would be better able to withstand acidic reaction 
conditions. It was decided to produce the corresponding methyl ether of the hydroxy 
ester 101 as this protecting group should be stable to acid conditions. Attempts to form 
this ether using thallium ethoxide and methyl iodide108 were unsuccessful, but using an 
alternative method109 it was found that the methyl ether 158 could be formed in good 
yields (figure 5-1).
KOH, DMSO
(figure 5-1)
In the original paper describing this procedure, based on solid potassium hydroxide 
(KOH) in dimethyl sulfoxide (DMSO) and methyl iodide, the reaction was found to give 
C-methylated products from the ester derivatives of peptides. However, no C-methylated 
products were isolated from the reaction with the hydroxy ester 101. Interestingly, it 
was found that if the reaction was allowed to continue after the complete consumption of 
starting material, the initial product 158 rapidly and completely epimerised to the isomer 
159 (again, without any noticable C-alkylaton of the ester enolate that must form in this 
reaction) (figure 5-2).
(figure 5-2)
The JH NMR spectrum of the epimerised compound 159 was found to be very different 
to the both the starting material 101 and the methylated product 158. It appeared as if 
the proton a  to the ester function had two large couplings and a small coupling. The 
signals representing the two allylic protons in the molecule were identified in the spectrum 
by a proton / proton correlated (COSY) experiment. It was found that one of these 
protons had a large coupling of 10Hz with the proton a  to the ester function, while the 
other had a coupling of 5Hz. This would mean the other large coupling would be with
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the benzylic methine proton. These coupling constants could not be explained if the 
molecule remained in the original conformation after epimerisation. If the starting 
material's conformation is considered, epimerisation of the ester group would lead to the 
axial ester function syn to the angular methoxymethyl function in the molecule (figure 
5-3).
(figure 5-3)
This would be a high energy conformation because of the non-bonded interactions 
between the syn ester and methoxymethyl groups. However, if the molecule rearranges 
to the other possible conformer the ester group would be in a quasi-zquatorial position, 
well away from any interaction with the methoxymethyl function and away from any peri 
interaction with the aromatic proton (figure 5-4).
(figure 5-4)
When molecular modelling calculations were carried out on these two species. It was 
found that the conformer with the equatorial ester group (figure 5-4) was of 
significantly lower energy (98.52kJ) than the conformer with the axial ester group 
(104.25kJ) (figure 5-3). A conformational change is consistent with the observed 
coupling constants exhibited by the proton a  to the ester function. This epimeric 
compound is also of lower energy than the non-epimerised methyl ether 158. The lower 
energy of the epimerised material is probably due to the greater distance between the ester 
function and the aromatic proton which lessens the destabilising peri interaction. These 
results show why the epimerisation of the ester group occurs so readily in the methylation 
reaction and the problems associated with the hydrolysis of the ester in earlier reactions
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(see chapter 4, section 4.1). This reaction is interesting, since epimerisation of the ester 
function only occurs after the complete methylation of the angular hydroxyl function. If 
the reaction conditions are carefully controlled, either epimer can be isolated. This allows 
a choice between two possible starting materials and routes for the synthesis of the 
tetracyclic ring system.
5.2 Formation of the intermediate 169
Work was carried out on both of these epimers separately. The epimeric esters 158 and 
159 derived from this reaction were both reduced to the primary alcohols 160a and b , 
oxidised to the corresponding aldehydes 161a and b, which were converted to the 
corresponding ethyl ketones 162a and b (figure 5-5).
mol sieves
(figure 5-5)
It was hoped that the formation of an acetal derivative of the carbonyl function in one of 
the epimeric ketones 162a and b was feasible. It was considered that the formation of an 
acetal derivative was more likely in the case of the epimerised material 162b as the 
ketone function is further away from the peri interaction of the aromatic proton. The 
methyl ether is also not as acid sensitive as the methoxymethyl protecting group that was 
used before and so more forcing conditions could be applied. However, formation of the 
ethylene ketal of either epimer was unsuccessful under a variety of condtions.
It was therefore decided to protect the sidechain as the acetal of the aldehydes 161a and b 
then form the ethyl ketone group later in the sequence. Taking into account the problems 
experienced earlier when the ketone was to be protected as the ethylene ketal, it was
* The reaction sequence is shown from the ester 158. The epimeric ester 159 was treated in the same 
way, to give the corresponding intermediates which will be labelled 160b-162b
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decided to form the 5,5-dimethyl-1,3-dioxane derivatives 164a and b. The formation of 
the acetal of the aldehyde function was expected to be easier than the ethylene acetal 
formation of the corresponding ethyl ketones, as steric interactions associated with the 
aldehyde would be relatively smaller than the ketone and the gera/raz/-dimethyl function in 
the disilyloxy compound 163 was also expected to aid the formation of the cyclic acetal.* 
Acetalisation was achieved in both cases using aprotic conditions,101 but only with 
elevated temperatures and extended reaction times (figure 5-6).
TMSO OTMS 
163
164a and b161a and b
(figure 5-6)
The aromatic moieties in the two epimers 164a and b were reduced under the usual 
Birch reduction conditions, affording the 1,4-dihydro derivatives 165a and b, which 
were immediately hydrolysed in aqueous oxalic acid to give the two corresponding non- 
conjugated enones 166a and b (figure 5-7).
THF, t-BuOH
166a and b164a and b 165a and b
(figure 5-7)
The non-conjugated enone 166a with the acetal group and the methyl ether function anti 
to each other (the non-epimerised compound) underwent the acid catalysed isomerisation 
to give the conjugated enone 167 in a yield of 72% after three cycles, and by analogy 
with the ß,y enone discussed previously was expected to give the trans relationship 
between the newly vicinal protons (figure 5-8).
Alkyl substitution of this type tends to promote the rate of formation of a cyclic system from it's 
acyclic analog (gemwa/-dimethyl effect).110
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anhyd. HCl, THF
(figure 5-8)
However, when the isomer 166b with the syn methoxymethyl and acetal groups (the 
epimerised compound) was subjected to these reaction conditions very little isomerisation 
was noted (less than 5%) even after extended reaction times. Consideration of models of 
the possible products showed that the cis-anti fused compound could not take up the anti 
ring fused conformation without the B-ring in the molecule taking on a boat 
configuration. The corresponding cis-syn ring fused compound could adopt an 
'all-chair' conformation and so this compound would be the expected product of the 
reaction (figure 5-9).
(figure 5-9)
However, the model of this product also shows that in the conjugated enone the acetal 
group (R) and the axial proton H 1 are very close in space and so there will be a large 
non-bonded interaction between them.* This interaction destabilises the conjugated enone
* Ring C can flip to another chair configuration, to avoid the interaction between H1 and the acetal 
group,
However, in this conformation the acetal group and the axial proton H2 are very close have a similar large 
destabilising interaction.
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with respect to the non-conjugated enone and so the formation of the a, ß-un saturated 
ketone is disfavoured. These results show that care must be taken to avoid the 
epimerisation of the side group so the isomerisation of the double bond can occur at this 
stage in the sequence to give the required cis-anti fused product.
The reductive acylation of the enone 167 using methyl cyanoformate resulted in the 
isolation of the corresponding ß-ketoester 168, which could be easily methylated using 
standard conditions^ to give the product 169, (figure 5-10).
1. Li, NH3, t-BuOH
2. Isoprene
3. N C C 02 CH3
fLCO H.CO
CO7CH
(figure 5-10)
This ß-ketoester was treated with LDA and PhSeCl and the crude product oxidised with 
hydrogen peroxide. A small amount of the corresponding conjugated enone 170 was 
formed in the reaction, but in very low yield and a pure sample of this compound could 
not be isolated from the reaction mixture (figure 5-11).
H.CO
2. PhSeCl
3. H20 2, Py., CH2C12
(figure 5-11)
The difficulties involved in this reaction appeared to be due to complications with the 
formation of the lithium enolate from the ß-ketoester 169. No other discreet products 
were isolated from the reaction, possibly because the LDA reacts as a nucleophile rather 
than as a base.
t  In this reaction some over-alkylated product was isolated. This complication possibly arises from the 
use of a slight excess of the base.
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The small amount of the impure enone 170 that was isolated from this reaction was 
subjected to efforts to cleave the acetal group and regenerate the aldehyde function. 
However the acetal could not be cleaved to regenerate the aldehyde under any of the 
conditions used.
5.3 Formation of the tetracyclic compound 184
To avoid these problems the previous sequence was repeated with the diastereomeric 
alcohols derived from the addition of the Grignard reaction to the aldehyde 161 protected 
as the methoxymethyl protecting group. These alcohol derivatives 171 were partially 
separable at this point (figure 5-12).
OH OMOM
MOMC1, CH2C12 |j
DMAP, EtN(i-Pr)2 ^
x o c h 3 h 3coH,CO
(Figure 5-12)
The reactions leading to the formation of the corresponding ß,y-enone 172 were repeated 
as specified before. The isomerisation of the double bond was achieved in reasonable 
yield to give the conjugated isomer 173. Anhydrous conditions had to be vigourously 
maintained as otherwise small amounts of the deprotected alcohol 174 were isolated 
from the reaction (figure 5-13).
OMOM OMOM
anhyd. HCl, THF1. Li, NH3, t-BuOH
H3CO
OMOM
(figure 5-13)
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The reductive acylation of the enone 173 and the methylation of the resulting 
ß-dicarbonyl 175 compound were carried out in reasonable yield, to give the ß-ketoester
176 (figure 5-14).
OMOM OMOM OMOM
1. Li, NH3, t-BuOH
2. Isoprene
3. N C C 02CH3
H,CO
(figure 5-14)
The ß-ketoester 176 was subjected to the LDA and PhSeCl reaction, which gave the 
enone 177, but again in very poor yields and only a small amount of this compound 
could be isolated from the reaction (figure 5-15).
OMOM
2. PhSeCl
3. H20 2, Py. CH2C12
OMOM
177
(figure 5-15)
The next step in the reaction sequence was the removal of the methoxymethyl protecting 
group and then the oxidation of the resulting hydroxyl function to the ketone. The 
methoxymethyl group of enone 177 was succesfully removed using a solution of 
dimethylboron bromide in dichloromethane,111’112’* resulting in the formation of a 
single product. However, the *H NMR showed that the signals from the enone protons 
of the molecule had disappeared and it was concluded that the ether 178 had been formed 
(figure 5-16).
* Attempts to remove the protecting group under acidic conditions were unsuccessful resulting in a 
number of products.
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OMOM
H,CO
(figure 5-16)
If the structure of the molecule is considered, the proximity of the alcoholic function to 
the ß-position of the enone system can be seen and formation of the tetracyclic ether 178 
would not be unexpected (figure 5-17).
(figure 5-17)
This is a major problem in this sequence as the side chain in the reaction must be in the 
ketone oxidation state before the production of the enone in order to avoid the 
complication of ether formation. It was decided to deprotect the alcohol in the ß-ketoester 
176 before the formation of the enone functionality. The resulting alcohol 179 was 
immediately oxidised to the corresponding diketone 180 (figure 5-18).
OMOM OH O
C09CH co9ch
(figure 5-18)
The protection of ketone function in the side chain of the diketone 180 with an ethylene 
acetal group was considered. In this compound the ketone group is adjacent to a 
secondary centre while the ketone function in the C ring is adjacent to a quaternary 
centre. The protection of the corresponding side chain ketone function in the aromatic
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compounds 162 (figure 5-5) was unsuccessful, because of presumed interaction with 
the proximal aromatic proton. It was considered that the corresponding interaction in the 
diketone 180 may not be as severe because of the modified geometry and the sp3 
hybridised carbon instead of the aromatic carbon. The diketone 180 was treated with 
one equivalent of the Z?/s-(l,2-trimethylsilyloxy)ethane and a catalytic amount of 
TMSOTf. One product was isolated from this reaction, but this was found to be the 
compound 181 in which the ß-ketoester ketone function was protected (figure 5-19).
TMSO OTMS
TMSOTf, -20°C
H,CO
CO.CH
(figure 5-19)
This result is probably due to the steric interactions of the methylene protons H1 and H2. 
A proton / proton correlation 2D NMR (COSY) experiment was carried out on this 
compound to complete the characterisation of this compound. From this experiment the 
proton H3 was found to give a discrete signal in the 1H NMR spectrum. This proton 
came as a broad doublet at 2.39ppm (J =9.9Hz). The small coupling (producing the 
broadness in the signal) was a result of a vicinal coupling with the proton H4 a  to the 
ketone function. The larger coupling must have been due to the vicinal coupling with the 
proton H5. This large coupling shows that these two protons have the expected anti 
relationship (figure 5-20).
(figure 5-20)
The anti relationship of the protons H3 and should have resulted in the formation of 
the trans ring junction in the reductive acylation reaction. This was tentatively confirmed, 
because from the COSY experiment it was also found that the proton H5 gave a
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complicated signal at 1.24-1.41 ppm. This proton appeared to have 3 large couplings and 
one small coupling consistent with the trans fused compound. The greater reactivity of 
the ring ketone towards ethylene acetal formation renders protection of the ethyl side 
chain while in the ketone oxidation state difficult.
This caused a major problem in the sequence as the alcohol function in the sidechain 
could not be deprotected in this oxidation state in the presence of the enone system, due to 
the rapid formation of the undesired tetracyclic ether 178. The protection of the oxo 
sidechain as an acetal appears to be impossible due to its hindered position in this 
molecule. A possibility would be the formation of the enone system, protection of enone 
as the acetal, deprotection and oxidation of the alcohol function in the molecule followed 
by the deprotection of the enone (figure 5-21).
OMOMOMOM
(figure 5-21)
However, this sequence lengthens of the chosen route significantly and the differentiation 
of the two protecting groups in the molecule would be a complication. To avoid these 
problems the alcohol 179 was treated with an excess of base and PhSeCl to give a 
diastereomeric mixture of a-keto selenides 182, although this reaction, again, only gave 
very poor yields of these compounds (figure 5-22).
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OH OH
l.LDA
2. PhSeCl
H.CO
C 09CH-
(figure 5-22)
The next step in the reaction sequence was the selective oxidation of the alcohol function 
to the ketone. A major consideration for this route is the ability of the a-selenoketone 
function in the diastereomeric compound 182 to withstand the oxidation of the alcohol to 
the ketone. The use of chromium reagents for this oxidation was discounted as these 
reagents were considered too harsh. An activated DMSO reaction appeared to be the most 
likely reaction to succeed79 and in a model study, it was found that these conditions did 
not affect the selenide function in compound 149 (figure 5-23).
SePh
k DMSO, (COCl)2 
CH2C12
H :
C02CH3
149
no reaction
(figure 5-23)
The mixture of diastereomeric selenide products 182 were therefore oxidised to the 
ketone using DMSO activated by oxalyl chloride and the crude reaction product 
immediately treated with hydrogen peroxide to give the enone 183. The reaction 
sequence was successful, but the yield of the required enone was very poor, again, 
apparently because of the inefficient formation of the enolate from the ketone (figure 
5 -2 4 ).
OH O
1. DMSO, (COCl)2 
CH2C12
c o 9c h
(figure 5-24)
Attempts were then made to perform the base catalysed Michael addition. Initial attempts 
at this reaction using DBU were unsuccessful, resulting in the isolation of only starting 
material, while t-BuOK in t-BuOH was found to result in an intractable mixture of
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products. Potassium carbonate in methanol, though, was found to give a single product. 
In the *H NMR spectrum of this compound it was found that the triplet associated with 
the terminal methyl group of the ethyl ketone side chain was a doub le t. This was a good 
indication that the required Michael addition to the enone system had occured (figure 
5-27)
O O
HoCO
(figure 5-27)
The stereochemistry o f the newly formed carbon-carbon bond was o f interest. It was 
found that H 1 came as a m ultiplet centred at 2.56ppm in the 1H NMR spectrum. 
However, if the doublet of the adjacent methyl group is irradiated this multiplet collapses 
to a doublet o f 11.4Hz. This coupling with proton H2 is indicative of a trans diaxial 
relationship (figure 5-28).
(figure 5-28)
It would appear that in the tetracyclic skeleton of this molecule, all but two bridgehead 
substituents have the the desired all-trans stereochemistry. The necessary configurational 
changes are feasible and so the tetracyclic ring system of diisocyanoadociane (7) (chapter 
1) should be accessible by this last route. However, it w ould be more efficient to 
establish an A/B trans-ring fusion at an earlier stage, perhaps by the introduction of a 
carbonyl group at the indicated carbon (*) with deletion of the angular hydroxymethyl 
substituent.
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5.4 Future directions
The major problem with this outlined route is the formation of the cis ring fusion between 
rings A and B early in the reaction sequence. This greatly complicates the synthesis of 
diisocyanoadociane and the other natural products with an all trans tetracyclic ring 
system, because methods have to be devised to epimerise the ring fusion to give the 
all-trans product. The oxidation of the olefinic bond to the corresponding ketone and 
deprotection of the hydroxymethyl function should allow removal of the angular group 
and epimerisation of the bridgehead centre. However, the other ketone function must 
also remain to allow for the concomitant epimerisation of the other bridgehead centre 
(figure 5-29).
(figure 5-29)
This complicates the sequence, because after epimerisation, differentiation between two 
ketone functions(which have identical local envimoments in the molecule) may be 
extremely difficult.
A number of the natural products are still open to synthesis from this tetracyclic 
inteimediate. In particular this route could be especially effective for the preparation of 
the tricyclic compounds 9, 10 and 11, which have the thermodynamically unstable 
configuration at C(*). Clearly, these would be readily available from the oxidative 
cleavage of the double bond in the molecule (figure 5-50).
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deoxygenation
9 R = CH=C(CH3)2
10 R = CH2C(NC)(CH3)2
11 R = CH2C(NC)(CH3)2
(figure 5-30)
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6.2 Introduction.
The formation of ß-ketoesters is an important transformation in synthetic organic 
chemistry. The Dieckmann cyclisation1 is a useful procedure and can give excellent 
yields of the ß-dicarbonyl product (figure 6-1).
CO2C2H5
s^ V
lBuOK
45%
co2c2h5 Q- 0co2c2h5
(figure 6-1)
However, it is frequently necessary to prepare such compounds by acylation of enolate 
anions derived from ketones. Reagents that have been used successfully for this purpose 
include dialkyl carbonates,2’3 ethyl diethoxyphosphinyl formate4 and dialkyl oxalates.5 
These ester derivatives have been found to be successful for the acylation of symmetrical 
ketones or for substrates that can enolise in one direction only, but, the limitations of 
these reagents become noticeable when the acylation of unsymmetric ketones is 
attempted. The driving force for the base catalysed condensation of ketones with ester 
derivatives (commonly known as the Claisen condensation) is the formation of the stable 
enolate anion of the ß-dicarbonyl products. Since the steps leading to these enolate salts 
are reversible, the predominant product reflects the relative stabilities of the two possible 
isomeric enolate anions 1 and 26 (figure 6-2).
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O l.N aH ONa ONa
2. (C2H50 )2C 0
1
c o 2c 2h 5 +  h 5c 2c o 2c
2
o o
^ A ^ co2c2h5 h 5c 2c o 2c
(figure 6-2)
Unsymmetric ketones therefore tend to be acylated at the less highly substituted 
a-carbon, as the stability of enolate anions derived from 1,3 dicarbonyl compounds is 
diminished by alkyl substitution. These reagents therefore lack the necessary 
regioselective* control often required in the acylation of unsymmetrical ketones.
Methyl methoxymagnesium carbonate7»8 is also frequently used to acylate ketones. This 
reagent utilizes the ability of the magnesium cation to form stable chelate structures with 
the enolate anions of ß-ketoacids and related compounds. The reaction is also reversible 
and so the major product reflects the relative stabilities of the possible intermediate 
chelates. The use of this method results in good ambidoselectivity, but with no 
regioselective control. The limitations of this reagent can be seen in some work carried 
out by P e lle tie r.10 Acylation of 5-m ethoxy-2-tetralone (3) with methyl 
methoxymagnesium carbonate gave the undesired ß-keto acid 6. The failure of the 
reagent to react at the Cl-position of 3 was rationalised by the steric requirements of the 
two possible intermediate salts. The chelate 4 is the less sterically demanding 
intermediate compared to the other possible structure 5 (figure 6-3).
* The reaction of a base with an unsymmetrical ketone followed by the addition of an acylation reagent 
can result in the addition of the electrophile to three possible sites on the substrate; the two carbon atoms, 
a  and a', and the oxygen atom.
(1) . A reaction or reagent that differentiates between the reaction at the two carbon sites, a  and a' is 
regio-selective.
(2) . A reaction or reagent that differentiates between the reaction at the termini of an ambident enolate is 
ambido-selective.
Even though the term ambidoselectivity has not found general usage in the literature it has been used here 
to avoid any confusion in the following discussions of site selectivities.
O
R^ ^ R'
a  a'
To discriminate between the possible site selectivities of the reagent, Seebach9 used two terms:
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H3COMgOC02CH3
DMF, 130°C
(figure 6-3)
To avoid the problem of reaction reversibility and so obtain regioselective acylation, the 
enolate must be treated with a reagent such as an acid chloride in an inert solvent. The 
traditional electrophiles that are used extensively for the formation of ß-ketoesters from 
enolate anions are the chloroformates, but these reagents tend to result in poor or 
undesired ambidoselectivity with the subsequent isolation of large amounts of the 
corresponding O-acylated products11 (figure 6-4).
OTHPOTHP
(figure 6-4)
A number of methods have been used to minimise the formation of the undesired 
O-acylated products in this reaction:
(a) The use of a reaction temperature of -100°C is reported to obviate this problem with 
some substrates,12 but the method does not appear to be general.
(b) A 2-3 fold excess of the enolate anion has been shown to suppress the formation of 
the O-acylated regiomer.12 This is known to be the result of the further reaction of the 
O-acylated product with an excess of the enolate anion (figure 6-5).
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(figure 6-5)
Thus, the kinetically controlled acylation of the enolate results in the O-acylated product 
which is capable of reacting with an additional equivalent of the enolate ion to form the 
more stable anion of the C-acylated product.14 This solution, however, will usually be 
impractical, especially in the middle of a protracted synthesis.
(c) The addition of 0.2 equivalents of dimethylzinc to the enolate solution before the 
addition of the chloroformate has also been shown to lessen the formation of the 
O-acylated product15 although, even with simple substrates, the O-acylated material 
remains a significant component of the products. The incomplete suppression of the 
formation of the enol carbonate, together with the use of the extremely air and moisture 
sensitive dimethylzinc makes the use of this method of little practical value.
The classical solution to these problems of regio and ambidoselectivity has been to utilise 
carbon dioxide as the acylation reagent followed by esterification of the resulting 
ß -k e to ac id 16’17 (figure 6-6).
4. CH2N2
o
E H 
C02CH3
(figure 6-6)
Yields from the utilisation of this methodology have rarely exceeded 50%, indicating, 
inter alia , that the formation of the O-acylated derivative probably occurs to a significant 
extent and that these unstable intermediates decompose to the corresponding ketone on 
work-up.18 Another major drawback of this method is the handling of the thermally 
unstable ß-ketoacids during the procedure. Carbon disulfide19 (figure 6-7) and carbon 
oxysulfide20 (figure 6-8) have been used instead of carbon dioxide, and the products
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methylated in situ to form dithio and thiol esters respectively. These intermediates can be 
converted to the methyl esters by mercury (II) catalysed trans-esterification in methanol.
x /  1. CS2, lAmOK ^  HgO, BF3.Et20 r r V
r r 2. CH3I A
c s2c h 3
' C02CH3
(figure 6-7)
o 0 0yA 1. LDA2. COS
r r \
^  Hg(OAc)2
i f A
j 3. CH3I A * ^SCH3
C 02CH3
(figure 6-8)
These methods are reported to give good yields of the ß-ketoester products, but are 
elaborate and do not appear to have found general use. A related, recently published, 
preparation of ß-ketoesters from ketones is the formation of the a - k e t o -  
bis(methylthio)ketene acetal 7* by the reaction of the ketone with carbon disulphide in 
dimethyl sulphoxide followed by methylation using dimethyl sulfate. Heating the 
intermediate 7 in methanol with sodium hydroxide gives the corresponding ß-ketoester22 
(figure 6-9).
a - CS2, (CH30 )2S 0 4, NaOH, (CH3)2SO, 5°C 
b - CH3OH, NaOH, THF, 50°C
(figure 6-9)
The yields from this sequence have ranged from greater than 90% to less than 15%. The 
better yields are obtained when the carbonyl group of the ketone is conjugated with a 
phenyl ring, but the reaction was found to fail when the substrate was a dialkyl ketone. 
The complexity of this procedure, even though it can be accomplished in a one-pot 
sequence, and the severe substrate limitations do not make this sequence a particularly 
attractive alternative to other available methods of acylation.
These compounds have found alternative uses in organic synthesis.21
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Diethyl dicarbonate and its analogues have recently shown promise as acylation reagents 
that exhibit good regioselectivity and they also enable the ambidoselectivity to be changed 
by the choice of reaction conditions. However, the yields of the ß-ketoester derivatives 
are variable and not always good.23
It appeared that there were no satisfactory methods for the regio and ambidoselective 
acylation of enolates. However, it was reported that the acylation of enolates with 
alkanoyl nitriles led to high yields of ß-diketones.24 This result led to the examination in 
these laboratories of methyl cyanoformate* as a reagent for the formation of ß-ketoesters. 
It was found to be an excellent acylation reagent for a wide range of lithium enolates 
giving high yields of products with acylation occurring exclusively at the C-terminus of 
the enolate anion25 (table 6-1).
* Methyl cyanoformate has the structure:
H3CO
O
Throughout this discussion it will be written in the form, H3CO2CCN or NCCO2CH3.
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substrate product yield (%)
■t£
o
r ^ A ^ c o 2c h 3 R = H 86
R = M e 86
0
Ö ir- %
c6
0
92
^ ^ c o 2c h 3
85
.  OM OM .  OM OM
H r
h 3c o 2c , ^ U X L J0XJ»Jh
96
0
R ^ y C 0 2CH3 R = H 71
R = M e 75
o
Ö
0
A ^ c o 2c h 3
84
o 0
/ ^ A ^ C 0 2CH3 65
ccx ax
c o 2c h 3
92
OTM S
(V
M C H ^
0
A ^ c o 2c h 3
' (CH2)n
n = 1 72
n = 2  68
(table 6-1)
Worthy of note in these studies is the use of nearly stoichiometric amounts of reagents; 
the lack of variation of yields with a range of lithium bases; the rapid reaction of the 
enolates at -78°C; and the first direct synthesis of non-enolisable ß-ketoesters from the 
acylation of enolates. In these early investigations it was found that only lithium enolates 
reacted satisfactorily. However, sodium and potassium enolates have since been acylated
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with cyanoformate reagents. When the lithium enolate of ketone 7 was acylated using 
methyl cyanoformate, good yields of the ß-ketoesters 8 and 9 were isolated.26 This 
reaction, though, was found to result in large amounts of the undesired regioisomer 9. 
Even when the lithium enolate was formed under thermodynamic conditions the acylation 
still resulted in the isolation of unacceptably large amounts of the ß-ketoester 9. This 
result was rationalised in terms of the slow exchange of the two possible lithium enolates 
under the reaction conditions, before the kinetic acylation of the enolate mixture by the 
cyanoformate reagent. Acylation of the sodium enolate, formed under thermodyamic 
conditions, resulted in a much higher proportion of 8 because of the much faster 
equilibration of the sodium enolates compared to the corresponding lithium derivatives. 
The acylation of the potassium enolate was found to give 8 as the exclusive 
1,3-dicarbonyl compound, but the ambidoselectivity of the reaction was low, resulting in 
the isolation of large amounts of the O-acylated material 10 (figure 6-10 and tab le  
6 - 2 ) .
OTBS
1. base
2. NCC02CH3
products
9 C 02CH3
(figure 6-10)
ratio of products
base conditions 8 9 10
LDA
LDA
NaHMDS
NaHMDS
KHMDS
kinetic
thermodynamic
kinetic
thermodynamic
thermodynamic
1 4
1 1
1 1
7 1
1 1.5
(table 6-2)
In another example, acylation of the lithium enolate of ketone 11 with carbon dioxide was 
found to give ß-ketoester 12 as the exclusive product27 (figure 6-11).
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r ~ \
1. LDA, THF, -78°C to -10°C
2. C 0 2
3. CH2N 2
/ \
(figure 6-11)
This result was also attributable to the slow exchange between the lithium enolates. It 
was subsequently found that the corresponding potassium enolate reacted with methyl 
cyanoformate to give the desired product 13, contaminated only with the O-acylated 
product 14, which could be readily recycled back to the starting ketone by hydrolysis 
with potassium carbonate in methanol (figure 6-12).
K2C 0 3, MeOH (84%)
1. KHMDS, THF, -78°C
11 13 58% 14 24%
(figure 6-12)
These results improve the substrate range of cyanoformate reagents markedly. Acylation 
of a lithium enolate under kinetic conditions results in the corresponding ß-ketoester with 
no equilibration of the enolates or products. However, formation of the sodium or 
potassium enolates under thermodynamic conditions allows the equilibration of the 
enolates, with the subsequent kinetic acylation with the cyanoformate reagent resulting in 
the isolation of the product corresponding to the thermodynamically more stable enolate. 
The combination of these techniques allows a wide range of control over the 
regioselectivity of the reaction.
A range of cyanoformate esters have been employed in the acylation of enolates*, but the 
t-butyl derivative has been reported to be too unreactive. A satisfactory substitute which 
affords esters that may be de-alkylated with comparable ease is the p-methoxybenzyl
* Benzyl derivatives were found to give slightly higher yields of products, probably because of the more 
efficient isolation of the products from substrates with lower molecular weights.
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analogue28»29, although it is prepared with some difficulty. Optically active 
cyanoformates derived from (+)-menthol (A), (-)-bomeol (B), and the Oppolzer alcohol 
(C) have been reported to furnish very good chemical yields of products for the acylation 
of enolate 9, but the level of stereoselectivity was found to be disappointingly low30
(figure 6-13 and table 6-3).
OLi o
(figure 6-13)
product (R*=) % yield % d.s.
(A) 80 56
(B) 81 53
(C) 70 57
(table 6-3)
6.2 Ambidoselectivity
The high ambidoselectivity of methyl cyanoformate for the C-terminus of the lithium 
enolate, compared to other acylating reagents can be seen from recent reports in the 
literature.22»31 The acylation of ketone 16 with diethyl carbonate in the presence of 
sodium hydride gave a variety of products with none of the required ß-dicarbonyl 
compound being isolated. When methyl methoxymagnesium carbonate-diazomethane 
was used as the electrophile in the same reaction only the ketone dimer and starting 
material were isolated. The reaction with ethyl chloroformate resulted in the isolation of 
the corresponding enol carbonate 17 in 84% yield (figure 6-14).
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NaH, (C2H50)2C 0
mixture of products
1. CH30 M g 0 C 0 2CH3
2. CH2N2
dimer and starting material
2. C1C02C2H5
(figure 6-14)
No reaction was observed when attempts to acylate ketone 18 were made with methyl 
methoxymagnesium carbonate or dimethyl carbonate, while methyl chloroformate gave an 
88% yield of the O-acylated product 19 (figure 6-15).
H3CO'
o c h 3 o
v>
Cl
18
\,
CH3OMgOC02CH3
no reaction
1. LDA, THF, -78 C 
2. C1C02CH3
h 3c o
(figure 6-15)
However, when methyl cyanoformate was used to acylate ketone 18 and the related 
ketone 20 the corresponding ß-ketoesters 21 and 22 were isolated in 94% and 92% 
yields respectively (figure 6-16).
- 93-
o c h 3 o o c h 3 0n
rY> 1. LDA, THF, -78°C rV ) ^ c o 2 c h 3
H3C O ^ sf ^ ' °
2. NCC02 CH3
0
Cl Cl
18 21
o c h 3 o (j)C H 3 OH
H5 C2 0 2C y X ^ J l 1. LDA, THF, -78°C H5C2O2C rV V
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2. NCCO2 CH3
h 3c c t
1
Cl Cl
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C 02CH3
(figure 6-16)
Even though methyl cyanoformate has been shown to be an excellent acylating reagent, a 
report appeared where the acylation of ketone 11 with methyl cyanoformate gave the enol 
carbonate 23 as the exclusive product27»* (figure 6-17).
(figure 6-17)
Work in our laboratories has also shown that the acylation of more complicated systems 
results in lower ambidoselectivity and the subsequent isolation of varying amounts of 
enol carbonate products. It was found that the acylation of octalone 24 with methyl 
cyanoformate gave good yields of the ß-ketoester 25 although this was apparently 
contaminated with very small amounts of the enol carbonate 26+ . Earlier work32 had 
shown that the more sterically hindered octalone 27 was found to give a larger proportion 
of the O-acylated product 29, although the ß-dicarbonyl product 28 was still the major
* Interestingly, in this case, when carbon dioxide was used as the acylation reagent the corresponding 
ß-ketoester (6) was isolated (figure 6-4).
+ The enol carbonate was tentatively identified from the *H NMR spectrum of the crude reaction mixture. 
It appeared that approximately a 19 : 1 ratio of the ß-ketoester and enol carbonate was present. A pure 
sample of the enol carbonate could not be isolated for characterisation.
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product. Reductive acylation of enone 30 with methyl cyanoformate was found to give 
the enol carbonate 31 as the exclusive acylated product^ (figure 6-18).
1. Li, NH3,THF, lBuOH
= H 
C 09CH
approx. 25 : 1
1. Li, NH3, THF, lBuOH
(figure 6-18)
The results from the reductive acylation of these enones showed that increases in steric 
crowding of the ß-carbon of the substrate leads to lower ambidoselectivity with the 
isolation of greater amounts of O-acylated products. If this steric crowding becomes 
serious enough the enol carbonate becomes the major or even the exclusive product.
It is noted in the literature that the acylation of enolates with acetyl chloride results in 
greater yields of the ß-diketone when a less polar solvent was used33 (figure 6-19).
1. CH3MgBr (Cu1)
2. C1C0CH3
diethyl ether 6 2 :3 8  
DME 0 : 100
(figure 6-19)
t  When this reaction was repeated later it was found that, with care, the O-acylated product 31 and the 
ß-ketoester 32 could be isolated in the ratio 8 : 1 .
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In earlier studies conducted on the reaction of enolates with methyl cyanoformate (figure 
6-18) THF was used as the solvent, because of the convenient solubility of the 
substrates. When these reactions were repeated using the less polar diethyl ether as the 
acylation solvent, a remarkable change in ambidoselectivity was observed (figure 
6 - 20 ) .
32
(figure 6-20)
In all of these reactions greater than 95% ambidoselectivity was displayed by the reagent 
for the C-terminus of the enolate. The most notable result was the formation of the 
ß-ketoester 32 from the reductive acylation of enone 30, a switch from exclusive 
O-acylation in THF to complete C-acylation in diethyl ether. This reaction was also 
notable because of the isolation of a single diastereomeric product 32 derived from the 
equatorial acylation of the lithium enolate produced from the conjugate reduction of the
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tricyclic enone 30.* The use of diethyl ether as the acylation solvent led to some 
experimental problems due to the low solubility of substrates in this medium. In the case 
of enone 30 it was found that distillation of the ammonia into a solution of the enone 
dissolved in a minimum of diethyl ether caused the substrate to precipitate from the 
reaction mixture. The resulting heterogenous reaction system sometimes led to very 
inefficient reduction, and the subsequent isolation of large amounts of starting material 
after work-up. efficient reduction, however, could be accomplished if care was taken to 
ensure that the substrate precipitated as a fine suspension and extended reaction times 
were used. These problems could also be overcome by the careful inverse addition of the 
enone solution to the reduction medium. t-Butyl methyl ether was used in this reaction as 
the solvent in the hope that the solubility of the enone 30 would be greater without any 
loss in the ambidoselectivity. The solubility was only marginally better in this solvent, 
but the ambidoselectivity displayed by the reagent for the C-terminus of the enolate in this 
reaction medium appeared to be as good as the case using diethyl ether.
The conjugate addition of lithium dimethylcuprate to 3-methyl-2-cyclohexanone 28 and 
the subsequent trapping of the resulting enolate with methyl cyanoformate was of interest, 
since earlier studies had found that when THF was used as the reaction solvent, the enol 
derivative 29 was isolated as the exclusive acylated product. When the reaction was 
repeated using diethyl ether as solvent, again, a rem arkable switch in the 
ambidoselectivity of the reagent was observed, as the ß-ketoester 3635 and enol 
carbonate 35 were isolated in the ratio 1 3 : 1  (figure 6-21).
* The stereochemistry at C(4) of the ß-ketoester (32) was established by comparison with an authentic 
sample of the opposite diastereomer 33, which showed them to be different34.
A  H 
' CO.CH
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(figure 6-21)
Considering the results of work comparing different alkali metal cations and the formation 
of carbonate products when potassium enolates were used (figures 6-11 and 6-12), 
the different nature of the metal counter cation from cuprate additions was considered to 
be the reason why some of the enol carbonate was isolated.*
To test this, the enolate derived from the conjugate addition of a methyl group to the 
enone 34 was trapped as the trimethylsilyl enol ether 3736 (figure 6-22).
l.(CH3)2CuLi, Et20  
2. Et3N, TMSC1
(figure 6-22)
The lithium enolate was regenerated from the enol ether 37 in THF solution using methyl 
lithium and acylated in the usual way with methyl cyanoformate. This resulted in a 
mixture of the enol carbonate 35 and the 1,3-dicarbonyl 36 in the ratio of 2 : 1 (figure 
6-23).
3 7 1. MeLi, THF, -20°C
2. N C C 02CH3, -78°C
CO.CH
(figure 6-23)
* In studies of 1,4 conjugate additions37 it was found that when the enolates from cuprate reagents were 
isolated from the reaction mixture, the counter cation was found to be predominantly lithium with only a 
very small amount (less than 1 %) of copper being associated with them. However, the reactions of these 
’copper’ enolates are sometimes markedly different from the usual corresponding lithium enolates.38
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This result, when compared to the acylation of the 'copper' enolate prepared in THF from 
the conjugate addition reaction (figure 6-21) showed that the different nature of the 
counter cation of the 'copper' enolate did have an effect on the ambidoselectivity of the 
reagent. Attempts to regenerate the lithium enolate from the silyl enol ether 37 using 
methyl lithium in diethyl ether were unsuccessful because the unreactive nature of the 
methyl lithium in this solvent resulted in large amounts of the starting material being 
isolated.* In attempts to overcome this problem, the enolate was regenerated in THF 
solution and the solvent removed under vacuum. The enolate was washed twice with 
diethyl ether and thoroughly dried under vacuum. Finally more diethyl ether was added 
and the enolate trapped with methyl cyanoformate in the usual manner. This gave the C- 
and O-acylated materials in a 3 : 1 ratio. The fact that 25% of the acylated material was 
found to be 35 implies that some of the THF remains co-ordinated to the enolate in the 
reaction mixture. Freshly prepared lithium amide in diethyl ether was found to generate 
the lithium enolate and the addition of the electrophile gave the ß-dicarbonyl compound in 
52% yield with no evidence of the undesired enol carbonate 35, the only other product 
being the non-acylated ketone,39 derived from the simple protonation reaction. More 
reactive alkyl lithiums were used in an attempt to generate the lithium enolate in diethyl 
ether. Phenyl lithium resulted in the isolation of the ß-ketoester 36 in 47% yield, again 
with no evidence of the O-acylated product 35, while butyl lithium was found to provide 
the basis for the most successful of the methods giving the 1,3-dicarbonyl 36 as the 
exclusive acylated product in 64% yield (figure 6-24) .
This is presumably because the diethyl ether does not disaggregate the alkyl lithium reagent.
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OTMS
37
1. MeLi, THF, -20°C
2. 2xEt2 0 , Vacuum 
3. Et20 , NCCO2CH3
(61%)
1. LiNH2, Et20
2. NCCO2CH3 
(52%)
1. PhLi, Et20
2. NCCO2CH3 
(47%)
1. BuLi, Et20
2. NCCO2CH3 
(64%)
35
1
0
0
0
3
1
1
1
(figure 6-24)
This methodology was then tested by attempting to acylate the very hindered angular 
position of 1-decalone 38 with methyl cyanoformate to create a new quaternary centre in 
the product. Ketone 38 was converted to a mixture of the thermodynamic 39 and kinetic 
40 silyl enol ether regioisomers40 in a ratio of 19 : 1. These isomeric enol ethers were 
readily separated by column chromatography41 (figure 6-25).
(figure 6-25)
When the lithium enolate derived from the silyl enol ether 39 had been generated using 
methyl lithium in THF and reacted with methyl cyanoformate, the only identifiable 
acylated product was found to be the enol carbonate 41. However, generation of the 
enolate in diethyl ether using n-butyl lithium and reaction with the electrophile proceeded 
with complete regio- and diastereoselectivity to afford a ß-ketoester 42 in 68% yield with 
only 9% of the enol carbonate 41 being isolated (figure 6-26).
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OSi(CH3)3
1. MeLi, THF, -20°^
2. NCC02CH3, -78°C
39 41
1. BuLi, Et20 , -20 to 0°C
~ 1 . NCC02CH3, -78°C 
77%
(figure 6-26)
The product 42 was expected to have the cis fused ring junction by analogy with 
previous alkylations of this system41 (figure 6-27).
9 9
H
(figure 6-27)
If the ring junction did have the expected cis stereochemistry the ester group and the 
bridgehead methine proton would be in close proximity to each other and an NOE 
enhancement between the methine proton and the methoxy group of the ester function 
may be expected. A DEPT NMR experiment located the single tertiary carbon at 
40.5ppm in the 13C NMR spectrum. From a 2-dimensional carbon / proton correlation 
NMR experiment (HETCOR) it was found that the single bridgehead proton gave a 
discrete multiplet centred at 2.58ppm in the NMR spectrum. However, attempts to 
observe an NOE enhancement were unsuccessful. One reason for this could be that the 
rotamers of the ester group would place the methoxy group well away from congested 
area around the ring junction proton (figure 6-28).
(figure 6-28)
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The ester group was reduced to a hydroxymethyl group in the hope of observing a 
possible NOE enhancement between the methylene protons of this group and the 
bridgehead proton. The hydroxymethyl group would have much less conformational 
freedom and so the protons would be constrained to be much closer to the methine proton 
(figure 6-29).
(figure 6-29)
The ketone function of the ß-ketoester 42 was protected as the lithium enolate 43 by the 
addition of LDA and the ester group reduced using Lithium aluminum hydride42 (figure 
6-30).
1. LiAlH4
2. EtOAc
3. H20
(figure 6-30)
The resulting alcohol was subjected to the same NMR experiments as above, but in this 
compound the methine proton did not give a discrete signal in the NMR spectrum. 
The stereochemistry of the product 42 was finally established through the deoxygenation 
of the ketone group. The ketone was readily converted to the corresponding dithio acetal 
45.43 The usual method of desulfurisation using W2 Raney Nickel was found to give 
mainly olefinic products even when freshly prepared reagent was used. The removal of 
the dithio acetal group was achieved using tributyltin hydride44 to give a single 
diastereomeric ester 46 (figure 6-31).
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Raney Nickel olefinic products
Bu3SnH, AIBN 
C6H6, 72 hours, reflux
H3C02C
(figure 6-31)
The resulting ester 46 was compared to authentic samples of both the cis and trans 
esters45 and was found to have the expected cis ring junction stereochemistry. The 
ß-ketoester 42 could then be assigned the structure with the cis fused ring junction
(figure 6-32).
(figure 6-32)
6.3 Mechanism
Attempts to rationalise the high ambidoselectivity of the cyanoformate reagents for the 
carbon terminus of the preformed enolate have been made. Originally it was considered 
that the difference in C / O ratio of acylation exhibited by the reagents could be explained 
by a 'symbiotic effect' in the usual Ba c 2 mechanism for the reaction of carbonyl 
compounds.46 This symbiotic effect, embodied in Pearson’s theory of hard and soft 
acids and bases 47 is the tendency for similar groups to be attracted to each other. This 
theory was used to explain the difference in the ambidoselectivity of the electrophiles 48 
and 49 when they were used to acylate the magnesium enolate 4733 (figure 6-33).
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solvent C-acylation O-acylation total yield
D M E 0% 100% 39 - 53%
ether 62% 38% 63%
solvent C-acylation O-acylation total yield
DM E 5% 95% 52%
ether 86% 14% 48%
(figure 6-33)
The unsaturated reagent 49 was considered the 'softer' electrophile, which reacts to a 
larger extent with the 'softer', carbon, terminus of the ambident enolate 47. A similar 
description was used to explain the ambidoselectivity noted when methyl cyanoformate 
was used to acylate ketone 1431 (figure 6-14). Yamato rationalised the difference in 
ambidoselectivity of methyl cyanoformate compared to the corresponding chloroformate 
reagent by stating that the cyanoformate electrophile has 'a soft' leaving group. 
However, molecular orbital calculations48 have shown that the carbonyl group in the 
cyanoformates is in fact 'harder' than the carbonyl carbons in the equivalent 
chloroformates, a result that implies the chloroformate has the 'softer' leaving group.
A possible explanation of the remarkable ambidoselectivity of methyl cyanoformate came 
from some intermediates that were reportedly isolated from some cyanoformate 
reactions.49 The acylation of ketone 7 (figure 6-10) with methyl cyanoformate was 
found to result in the formation of three products; the two expected ß-dicarbonyls 8 and 
9, and the diester 50 (figure 6-34).
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OTBS
1. LDA, THF, -78°C
OTBS.OTBSOTBS
(figure 6-34)
The isolation of the diester 50 was surprising, as it implies a y-enolisation of the 
ß-ketoester products had taken place (enolate exchange or excess LDA) without any 
a-deprotonation. This mechanism would seem to be extremely unlikely as ß-ketoesters 
are readily converted to their enol forms by LDA. In a further experiment, ketone 7 was 
acylated using the cyanoformate reagent, but TMSC1 was immediately added to the 
reaction mixture at -78°C. The products reportedly isolated from this experiment were the 
previously characterised compounds 8, 9, 50 and the trapped aldol intermediate 52 
(figure 6-35).
OTBS OTBSOTBS
-78°C TMSC1 -f 8,9 and 50
(figure 6-35)
The isolation of compound 52, suggests the aldol intermediate 51, formed from the 
initial reaction of the acylation reagent and the enolate, is relatively long-lived under the 
reaction conditions. The relatively long life of this intermediate in the reaction medium 
would explain the high yields of the ß-ketoesters 8 and 9, with seemingly no proton 
exchange between the product and the starting enolate. The formation of the diester 50 
(figure 6-34) was also rationalised by considering such intermediates. After the initial 
formation of the aldol intermediate 51, any excessive base in the reaction medium can 
further enolise the free ketone to give enolate 53, which can then be acylated with an 
excess of the electrophile to yield, after work-up, the diester 50 (figure 6-3%.
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3 CN
HgCO^OLi 
3 CN
c o 2c h 3
(figure 6-36)
This trapping experiment was repeated on cyclohexanone and two of these trapped aldol 
intermediates were isolated. These were thought to be the two possible diastereomers 54 
and 55 (figure 6-37).
1. LDA, THF, -78°C 
2. NCC02CH3 
3. TMSC1
OTMS OTMS
C" OCH r  CN
CN +
C 02CH3
(figure 6-37)
Intially these aldol intermediates were invoked to explain the high ambidoselectivity for 
the carbon terminus of the enolate exhibited by the cyanoformate reagents. If these 
aldol-type intermediates were relatively long-lived under the reaction conditions, an 
equilibrium could be set up between the two possible aldol derivatives 56 and 57. The 
C-aldol derivative 57, can be stabilised by the lithium cation chelating between the 
carbonyl oxygen and the alkoxy anion of the intermediate, while in the case of the O-aldol 
intermediate 56, the lithium cation can only co-ordinate to the oxygen anion. This 
chelation effect would stabilise 56 relative to 57 thereby displacing the equilibrium in the 
desired direction yielding the ß-ketoester as the major product (figure 6-38).
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(figure 6-38)
This mechanism rationalises the the greater ability of the cyanoformate reagents to react 
with the carbon terminus of the enolate compared to other regioselective acylating 
reagents. However, the large change in the ambidoselectivity encountered when the 
solvent is changed from THF to diethyl ether with the sterically more demanding 
substrates must also be explained.
The change in ambidoselectivity noted in acylation reactions when the solvent was 
changed to a less polar one (Figures 6-18, 6-19 and 6-20) was originally explained 
by invoking the idea of contact ion pairs and solvent separated ion pairs.50 In polar 
solvents like DME, solvent separated ion pairs are favoured. This is because the cation 
is solvated and so becomes disassociated from the enolate anion. This is also the case 
when the cation is only weakly electropositive. In contrast, contact ion pairs are favoured 
when less polar solvents are used, or the counter cation is strongly electropositive. This 
results in the cation being strongly bound to the oxygen-terminus of the enolate. 
C-acylation is improved when contact ion pairs are the predominant species in the 
solution due to the 'shielding' of the oxygen-terminus of the enolate by the counter 
cation. This would explain the difference in level of ambidoselectivity observed when the 
potassium enolate was acylated with methyl cyanoformate compared to the corresponding 
lithium enolate26 (figure 6-10 and table 2). This solvent effect can also be seen in the 
case of the acylation of the lithium enolate 58 with acetic anhydride in solvents of varying 
polarity (figure 6-39).
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Ac20 , DME
Ph OLi Ac20 , THF
)= (
H CH3
58 \
Ac2Q, Et2Q
Ph OCOCH,
V  J  ,
Ph O
,i \  / /
r \  + H /  \
H ch3 H3COC CH
95-98% <1%
61% <1%
68-76% 5-9%
(figure 6-39)
Even though a small change in ambidoselectivity was noted when the solvent was 
changed from THF to diethyl ether in the above case, it was much less than those 
encountered in the work with cyanoformate reagents. This certainly does not discount 
this theory, but it seems unlikely that such a large change in ambidoselectivity can be 
attributed purely to the relative amounts of solvent separated ion pairs and contact ion 
pairs in THF and diethyl ether. In the light of these results the aldol intermediates 56 and 
57 were considered in relation to the slightly different solvating abilities of diethyl ether 
and THF. Diethyl ether being a poor solvating medium of the lithium cation allows a 
relatively stronger chelate to form between the C-acylated aldol intermediate and the 
cation. This displaces the equilibrium in favour of the C-acylated material. On the other 
hand, THF solvates the lithium to a greater extent and so the chelate is destabilised. If the 
substrate is sterically crowded the equilibrium is pushed to the sterically less demanding 
O-acylated aldol intermediate which results in the isolation of the enol carbonate products. 
The large difference in ambidoselectivity encountered when the solvent is changed from 
THF to diethyl ether implies a very fine balance exists between the stabilisation of the 
C-aldol intermediate by chelation and destabilisation due to steric crowding in the 
substrate. This fine balance causes a dramatic effect on product formation.
In order to study this possible mechanism further attempts were made to isolate and 
purify the TMS protected C-aldol compound 59 from the reductive acylation of octalone
27 (figure 6-40).
1. Li, NH3, lBuOH 
2. NCC02CH3, Et20 , -78°C 
3. TMSC1, -78°C
TMSO^T"OCH,
CN
(figure 6-40)
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It was hoped that treating the C-aldol compound 59 with methyl lithium would generate, 
in situ, the corresponding lithiated intermediate 60. Isolation of any of the O-acylated 
product 29 would support the equilibration of the aldol intermediates under the reaction 
conditions (figure 6-41).
(figure 6-41)
Repeating the trapping experiments of Ziegler ,4  ^a product corresponding to the C-aldol 
compound 59 was isolated. The NMR (3.74ppm (s, 3H), 2.50ppm (d, 1H, 12Hz)) 
and IR (1740cm*1) spectra matched the data reported for the analogues 52, 54 and 55 
(figures 6-35 and 6-36). The 13C NMR spectrum, however, was not consistent with 
the proposed structure (13C NMR data had not been reported for any of these 
compounds). The down-field portion of the spectrum consisted of signals at 171.0, 
119.6 and 73.6ppm all of which were found to be from quaternary carbons. The signal 
at 171.0ppm corresponded to an ester rather than a ketone carbonyl group, while the 
peaks at 119.6 and 73.6ppm were consistent with a nitrile carbon and cyanohyrin carbon. 
From these data we concluded that the product isolated was, in fact, the trimethylsilyl 
protected cyanohydrin 61* (figure 6-42).
(figure 6-42)
The earlier work of Ziegler was repeated and the compounds proposed as the trapped 
trim ethylsilyl C-aldol products 54 and 55 (figure 6-37), from the acylation of 
cyclohexanone were isolated. It was found that these compounds were also the TMS 
protected cyanohydrin species 62 and 63 (figure 6-43).
* Interestingly only one diastereomer was isolated from this reaction. This product is thought to have the 
axial nitrile group. The fact that none of the other diastereomer is isolated is probably due to the very 
inefficient formation of these compounds.
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Major isomer
(figure
TMSO CN
,,,C02CH3
63
Minor isomer
6-43)
These results cast some doubt on the participation of the aldol intermediates in the reaction 
mechanism, although they do not necessarily discount it. There remains the possibility 
that the aldol intermediates collapse during the addition of the TMSC1 or under the 
work-up conditions to give these protected cyanohydrin species. It was also found, 
subsequently, that the isomeric cyanohydrins 64 and 65 could be isolated in good yield 
from the reductive acylation of octalone 27, by quenching the completed reaction with 
saturated ammonium chloride solution instead of water (figure 6-44).
da 1. Li, NH3, lBuOH2. NCC02CH3, Et20 , -78°C3. sat. NH4CI soln. CN +
(figure 6-44)
The *H NMR spectrum of the major isomer 64 isolated from this reaction had a very 
broad signal centred at 3.6ppm (1H) which was assigned as the hydroxyl proton. The 
hydroxyl proton of the minor isomer 65 was assigned as a signal that appeared in the *H 
NMR as a sharp doublet at 5.2ppm (J=2.3Hz). This information reveals that the 
hydroxyl proton of the minor isomer is involved in intramolecular hydrogen bonding, 
probably with the carbonyl oxygen of the ester group. To determine the stereochemistry 
of the products a proton /  proton correlated NMR experiment was carried out on the two 
compounds. These results showed that the hydroxyl proton was coupling to the axial 
proton at C3. Hydrogen bonding is possible between the ester carbonyl group and the 
hydroxyl function in both isomers. However, if the hydrogen bonding occurs in the 
isomer possessing the equatorial alcohol (figure 6-45), the hydrogen bonded proton 
(H2) cannot have a coupling of 2.3Hz with the axial proton (H1), due to a 1,3 diaxial 
coupling, as the proton is perturbed from the axial position by the hydrogen bonding. 
The equatorial hydroxyl proton also can never have the correct geometry in space for a 4 
bond 'W  coupling to account for this splitting.
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HaCO
(figure 6-45)
If this intramolecular hydrogen bonding occurs in the isomer with the axial hydroxyl 
group (figure 6-46), the acidic proton (H2) is fixed in space in such a way that it has 
almost the perfect geometry for a 4 bond 'W coupling with (H1) to take place.
(figure 6-46)
From this evidence the major isomer was assigned the structure 64 and the minor isomer 
as 65. In the course of our work the cyanohydrins 67 and 68 were also noted as major 
components of the product mixture from the reductive acylation of enone 66, even when 
quenching with water (figure 6-47).
OTB SOTBSOTBS
MOMOMOMOMOMO
(figure 6-47)
The isolation of these cyanohydrin adducts opens up the possibility that the formation of 
these species under the reaction conditions are a major factor in governing the 
ambidoselectivity of the cyanoformate reagents. However, it would be very difficult to 
explain the large change in ambidoselectivity noted when the solvent was changed from
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THF to diethyl ether. The formation of diester 50 (figure 6-34), noted by Ziegler, 
would also be very difficult to rationalise if the cyanohydrins are the major intermediate 
species under the reaction conditions.
In further efforts to test the possible involvement of the aldol type intermediates, attempts 
were made to form these tetrahedral aldol intermediates in situ from the products of the 
reaction. The initial idea was to use the TMS protected cyanohydrins isolated from earlier 
experiments. Thus the TMS protected intermediate 61 was dissolved in THF, cooled to 
-78°C and treated with 1 equivalent of methyl lithium. This reaction would produce 1 
equivalent of lithium cyanide in situ,51 which is known to be a good nucleophile in THF 
solution.52 It was expected that the cyanide anion would effect nucleophilic attack on the 
ester functionality to produce the aldol intermediate 60 which could then participate in the 
speculated equilibrium forming some of the O-acylated regioisomer (Figure 6-48).
+  LiCN
OTMS
(figure 6-48)
Methyl lithium was found to be unreactive towards the silyl group of the substrate at 
-78°C. When the reaction was warmed to -10°C and stirred for 30 minutes, reaction did 
occur, but the corresponding ß-ketoester 28 was the only product isolated. The 
exclusive isolation of the C-acylated material 28 was probably because the carbonyl 
carbon of the ketone function in the molecule is much more susceptible to nucleophilic 
attack by the cyanide anion than the corresponding carbon of the ester group. This would 
result in very little, if any, of the aldol intermediate 60 being formed. To test this further, 
the TMS protected cyanohydrin 69 of the sterically crowded ß-ketoester 32 was 
form ed53 (figure 6-49).
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(figure 6-49)
The protected cyanohydrin 69 was treated with methyl lithium as previously described. 
It was thought that any nucleophilic attack of the cyanide anion generated in situ would 
lead to the O-acylated material. However, the C-acylated product was the only compound 
other than starting material recovered from the reaction.
Attempts were then made to generate the O-aldol intermediate 56 (figure 6-38) from 
the enol carbonate 35 that had been isolated from earlier work (figure 6-21). 
Treatment of this enol derivative with lithium cyanide in THF solution should allow the 
formation of the proposed tetrahedral O-aldol intermediate without the problem of the 
nitrile nucleophile attacking other carbonyl functions in the molecule. For these 
experiments lithium cyanide was produced by the method of Livingstone.51 Compound 
29 was treated with 1.2 equivalents of lithium cyanide in THF at -78°C. No reaction 
occured at this temperature or when the reaction was warmed to 0°C. However, after two 
hours at room temperature a minor amount of the ß-ketoester 36 was identified in the 
reaction mixture with a number of other inseparable products ( JH NMR*) (figure 
6-49a).
3
LiCN, THF 
20°C
3 5
O
+ other products
(figure 6-49a)
The reaction was repeated with a small amount of 1,4 dimethoxybenzene in the reaction 
mixture as an internal standard so turnover of the starting material could be quantified . 
The enol carbonate 35 and the corresponding ß-ketoester 36 were identified in the crude 
reaction mixture in a ratio of 4 : 1 respectively. However, it was also found that
* The starting material 35 was identified from the olefinic proton signal, while the proton a  to the 
ketone and ester functions in the ß-ketoester 36 gives a unique signal. The ratio of these two species 
could be quantified by the intergrations of these signals.
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approximately 50% of the starting enol carbonate was consumed by the side reactions. 
The fact that some of the corresponding ß-ketoester 36 was found in the reaction 
products certainly adds some credence to the theory of the participation of the aldol 
intermediates in the reaction process. The problem with the need for elevated 
temperatures is possibly associated with the cyanide anion having to act as a nucleophile. 
Attempts to increase the nucleophilicity of the cyanide anion by the addition of two 
equivalents of HMPA to the reaction mixture to solvate the lithium and produce a 'naked' 
cyanide anion were unsuccessful.
Any mechanism proposed for the reaction of cyanoformates with enolates must attempt to 
explain the high level of ambidoselectivity of the reagent for the carbon terminus of the 
enolate. The changes in ambidoselectivity observed when sterically crowded substrates 
were acylated in THF and diethyl ether must also be rationalised. Formation of the 
diester £ 0  is another interesting aspect that must be considered in relation to any 
postulated reaction mechanism.* By invoking the aldol compounds proposed by Ziegler 
it is certainly possible to explain all these observations. However, the lack of conclusive 
proof supporting these intermediates means none of the other possibilities discussed can 
be ruled out.
6.4 Stereochemical aspects
The stereochemical aspects of cyanoformate acylations are also of interest. Usually, 
when a non-enolisable ß-ketoester is to be prepared, acylation is the first transformation 
followed by the relatively easy alkylation of the resulting 1,3-dicarbonyl compound. This 
often leads to a predominance of one diastereomer, but not always the desired one.
In earlier work32 undertaken in these laboratories it was found that methylation of methyl 
4-t-butyl-l-oxo-2-cyclohexane carboxylate (70) gave a 9 : 1 mixture of diastereomeric 
ß-ketoesters. The major product 71 was found to have the ester in the equatorial 
position, while 72, the minor isomer, had an axial ester function. When 4-t-butyl-2- 
methyl-l-trimethylsiloxy-1-cyclohexene (73) was treated with methyl lithium and the 
resulting lithium enolate acylated with methyl cyanoformate, again, a 9 : 1 mixture of 
diastereomers was isolated, but the stereochemistry of the major compound was reversed 
(figure 6-50).
Interestingly the formation of diesters of this structure have not been noted in any of our reactions and 
have not been reported by other workers..
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(figure 6-50)
Methylation of the ß-ketoester 70 is in accordance with work described in the literature,54 
where the electrophile preferentially approaches the enolate along the axial vector of this 
unhindered enolate. Interestingly, the acylation of the lithium enolate derived from the 
silyl enol ether 73 also results in the preferential addition of the electrophile along the 
axial vector of the enolate, therefore reversing the stereochemical outcome of the reaction 
sequence. The stereochemistry resulting from the alkylation of endocyclic enolates 
depends on a balance of a number of factors, several of which may be in conflict: 
substrate-like versus product-like transition states, steric interference with electrophile 
trajectories, torsional strain arising from eclipsing of adjacent groups, and the need to 
maintain orbital overlap in the transition state (stereoelectronic effect). This last aspect 
leads to the presumption of the requirement of a perpendicular approach to the enolate 
system.55 For enolate anions contained within six-membered rings such as the substrate 
74, the reaction can proceed through two possible transition states 75 and 76 to 
maintain orbital overlap (figure 6-51).
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(figure 6-51)
In the case of 75 the transition state is based on a chair-like structure and results in 
reaction on the upper face of the enolate leading to the introduction of an axial substituent, 
ie 'axial alkylation', and the formation of the product 77. Reaction on the lower face 
imposes a twist-boat-like transition state structure 76 to maintain orbital overlap. This 
results in the 'equatorial alkylation' of the substrate leading to the product 78.56 In the 
case of the simple enolate 74 where R = H (a reactive enolate) there is very little 7t-facial 
discrimination, as there is an 'early' (substrate like) transition state, in which there is 
relatively little differentiation between the two possible approaches of the electrophile to 
the enolate.57 However, when R = CH3 or CO2CH3, the 'axially alkylated' products are 
more strongly favoured. This can be rationalised by the consideration of the developing 
eclipsing interaction between the a-R  group and the syn ß-hydrogen substituent in the 
twist-boat-like transition state leading to 'equatorial alkylation' (figure 6-52).
O 5-
(figure 6-52)
It has also been suggested that A( l ,2)-strain arising from the eclipsing of the 
a-substituent and the O-metal bond leads to a pyramidalisation of the oxygen-bearing 
carbon atom and a consequential predisposition towards axial alkylation.58 The
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preference for axial acylation was also noted when (R)-(-)-carvone (79) was reductively 
acylated to give the corresponding diastereomeric 1,3-dicarbonyl compounds 80 and 81* 
in a 3 : 1 ratio (figure 6-53).
79
V"
l .L i,N H 3 ,‘BuOH, Et20
(figure 6-53)
The ratio of diastereomeric products is in accord with other work describing the addition 
of electrophiles to the lithium enolate derived from the 1,4 reduction of carvone using 
lithium bronze (Li.4NH3)60*61 (figure 6-54).
2. BrCH2C02C2H5
83 : 17
(figure 6-54)
Studies were carried out on some more conformationally constrained bicyclic systems too
see if the sterechemical outcome in these systems, could be reversed if the sequence of 
alkylation / acylation was changed. The methylation of the enolate derived from the 
ß-ketoester 28 resulted in the formation of a major compound 82, having an axial methyl 
group and the minor isomer 83, possessing an equatorial methyl group, in the ratio 10 : 
1. The ß-ketoester 82 was the expected product from consideration of the 
stereoelectronic effects and steric effects discussed earlier. However, reductive acylation 
of the enone 84 using cyanoformate resulted in the almost exclusive isolation of the 
'equatorially acylated' compound 82 (greater than 98%) (figure 6-55).
* The structural assignments these diastereomers were made by reference to the ^  NMR frequency of the 
a-methyl group.59
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1. Li, NH3, lBuOH, Et20  
2. NCC02CH3 '
(figure 6-55)
82
A similar result was also noted when the lithium enolate derived from the 1,4 reduction of 
the enone 85 was acylated with carbon dioxide62 (figure 6-55a).
(figure 6-55a)
The equatorial acylation of the lithium enolates derived from the 1,4 reduction of enones 
(84) and (85) can be attributed to the steric bulk associated with the angular methyl group 
in these molecules. The chair-like transition state structure 75 (figure 6-51) is 
destabilised due to the 1,3 diaxial interaction between the angular methyl group and the 
approaching electrophile. In this case the electrophile can be considered to be sterically 
very demanding due to the increasingly tetrahedral structure of the reagent as the 
aldol-like intermediate is formed from the initial attack of the enolate on the reagent* 
(figure 6-56).
* Even if this aldol intermediate is not long lived under the reaction conditions, as discussed in the 
previous section, the intermediate will have some tetrahedral character, and so will increase markedly the 
energy of the transition state structures.
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(figure 6-56)
The predominant route is therefore through the twist-boat-like transition state structure 
which avoids this unfavourable interaction. The strain encountered due to eclipsing 
interaction of the a-R  group and the syn methylene group of the second ring system is 
not as g rea t, as the steric strain generated between the approaching electrophile and the 
angular methyl group.
The acylation of the corresponding octalone derivatives without this angular methyl group 
was investigated. It was thought that the lack of this methyl group would allow a much 
larger proportion of axial acylation, due to reduction of the steric interactions influencing 
the approach of the electrophile on the ß-face of the molecule. Methylation of the 
ß-ketoester 25 resulted in the formation of the expected product with an axial methyl 
group 86 (greater than 98%). However, the reductive acylation of enone 87 with methyl 
cyanoformate resulted in the isolation of the ß-ketoester 86 as the major product with 
only small amounts of the diastereomer with the axial ester group 88 (figure 6-57).
H H
>5 : 1
1. Li, NH3, lBuOH, Et20
(figure 6-57)
This result is also attributable to the steric bulk of the electrophile and the 1,3 diaxial 
interactions of the electrophile with the axial hydrogen atoms in the ring system. Even 
though some of the axial acylation product was formed, these steric interactions are still
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large enough to make the pathway through the twist-boat-like transition state the favoured 
one.
The conclusion reached from these studies is that the cyanoformate reagents are sterically 
very demanding electrophiles. The acylation of polycyclic internal enolates is likely to 
lead to the same products as alkylation of the corresponding ß-dicarbonyl compound. 
Convenience then becomes the major factor governing the choice of the reaction 
sequence. In the cases of the monocyclic systems changing the order of the alkylation / 
acylation procedure results in a reversal of the stereochemical outcome of the reaction, so 
the stereochemistry of the products can be controlled by the reversing of the sequence of 
acylation and alkylation reactions.
6.5 conclusion
This method of enolate acylation is an extremely reliable and mild method of preparing 
ß-ketoesters. It is not only the method of choice with sensitive substrates, but will often 
ensure superior results with more robust intermediates as well. These reagents are 
becoming well used in the field of organic synthesis and a number of examples of their 
use have been reported in the literature.62"66 \  drawback with this methodology, 
especially with more complicated substrates, is the use of diethyl ether as the solvent of 
choice. This often leads to solubility problems but with care this experimental constraint 
can be overcome fairly readily.
The great applicability of these cyanoformate reagents can also be seen from some recent 
reports of their use in the literature. They have been used to acylate enolates derived from 
esters28*29 (figure 6-58).
C 02CH3
1. LDA, HMPA, THF
C 02CH3
2. NCC02An
An = p-methoxybenzyl
C 02An
(figure 6-58)
and from lactones67 (figure 6-59).
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1. LDA 
2. NCC02CH* 
92% yield
(figure 6-59)
The N-acylation of lactams has also been achieved68’* (figure 6-60).
O
1. LDA, THF
2. NCCO2CH3
(figure 6-60)
These results show that these readily available reagents69 are excellent reagents for the 
acylation of a wide range of substrates.
* Methyl chloroformate was found to give the O-acylated product when used as the acylation reagent.
H3C 0 2C 0
- 121-
EXPERIMENTAL
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General Topics
i. Melting points were determined with a Reichert hot stage apparatus. Melting 
points and boiling points are uncorrected.
ii. Infrared spectra (IR) were recorded on a Perkin-Elmer 683 Infrared 
spectrophotometer in 0.25mm solution cells unless otherwise stated. The 
following abbreviations are adopted: s (strong), m (medium), str (stretch), def 
(deformation), br (broad), Ar (aromatic).
iii. *H NMR spectra were recorded on several instruments operating at the following 
frequencies: (a) 200MHz ; JEOL JNM FX 200 (FX2) and Varian XL200E (XL2) 
(b) 300MHz Varian XL300 (XL3), Varian VXR300S (VXR3) and Varian 
Gemini 300 (GEM3). The instrument each sample was run on is stated. Samples 
were run in deuterochloroform (99.8% D), unless indicated otherwise; using 
tetramethylsilane as an internal standard (8 O.OOppm). Bata are presented in the 
following order: chemical shift (ppm) relative to tetramethylsilane; (multiplicity; 
intensity as the number of protons; coupling constant-/; assignment (if 
appropriate)). The following abbreviations are adopted: s (singlet); d (doublet); t 
(triplet); q (quartet); m (multiplet); dd (doublet of doublets); dt (doublet of 
triplets); (br) indicates broadness in a signal. First order analyses of spectra were 
attempted when possible and, consequently, chemical shifts and coupling 
constants for multiplets may only be approximate.
iv. 13C NMR spectra were recorded at 50.10MHz on the instruments (a) and at 
75.50MHz on the instruments (b). Samples were run in deuterochloroform 
(99.8% D), unless indicated otherwise, using tetramethylsilane as an internal 
standard (8 O.OOppm). Chemical shifts (ppm) are reported relative to 
tetramethylsilane; assignments are based on the multiplicity and chemical shifts. 
The assignments are made by a best fit approximation and so some assignments 
may be interchangeable. Multiplicities were determined from polarisation transfer 
techniques (DEPT) or from direct response to C-H couplings (APT).
v. Low resolution electron impact mass spectra (MS) were recorded at 70 e.v. on 
either (a) AEI MS 902 or (b) VG-Micromass 7070F double focussing mass 
spectrometers. Data are presented in the following order: m/z value; relative 
intensity as a percentage of the base peak. High resolution mass spectrum 
(HRMS) were recorded on either (a) or (b) using heptacosafluorotributylamine or 
perfluorokerosene as a reference.
vi. Microanalyses were performed by the Australian National University Analytical 
Services Unit, Canberra.
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vii. Small scale photoreactions were carried out in an 'applied photophysics 
semi-micro reactor' in a quartz test tube with concentrations of approximately 
0.5M. Large scale reactions were carried out in a large quartz reactor and 
photolysed with a water cooled medium pressure mercury lamp; concentrations 
were again approximately 0.5M.
viii. Simple Hiickel molecular orbital calculations were carried out on a DEC VAX 
11/750 computer running VMS with a program, very kindly supplied by Dr. 
Stephen Brumby (chapter 2).
ix. Strain energy calculations were determined using an interactive molecular 
modelling program, MODEL, which employs Allinger's MM2 force field.113 
Calculations were carried out on a DEC VAX 11/750 computer running VMS. 
Iterations were made until a steady, reproduc ble figure was obtained (chapter 3).
x. Column chromatography114 was carried out using Merck Kieselgel 60 as the 
adsorbent using various ratios of ethyl acetate / hexane as the solvent. Analytical 
thin layer chromatography (T.L.C) was performed on micro-slides coated with 
Merck Kieselgel KG60F-254. The microslides were visualized using first 
ultraviolet light and then by spraying with a solution of 5% (w/v) vanillin in 
concentrated sulfuric acid and heated at 180°C.
xi. Anhydrous solvents were prepared using standard procedures.111 In particular, 
THF and diethyl ether were distilled from the ketyl formed by the reaction of 
sodium with benzophenone.
xii. Reaction temperatures refer to external bath temperatures.
xiii. After filtration of solutions from drying reagents, the bulk of the solvent was 
evaporated on a Biichi rotary evaporator (water aspirator pressure). The last traces 
of solvent were removed under high vacuum.
Notes on Nomenclature
Chemical Abstracts nomenclature has been used throughout the experimental section. 
Most compounds have been named as derivatives of phenanthrene with two possible 
numbering systems.
(i)
A o  5.y y s .
9 8
OMOM
171
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For example, compound 171 is named as; 3,4ß,4aß,9,10,10a-Hexahydro-7-methoxy- 
4a-( l'-methoxymethoxypropy 1)-1 Oaß-methoxymethy 1-2-methylphenanthrene
7
8
|j^ |5
^ 4b 4
10 1
For example, compound 172 is named as; 5ß-(l'-M ethoxym ethoxypropyl)-8aa- 
methoxymethyl-7-methyl-3,4,4ba,5a,6,8a,9,10-octahydro-2(l//)-phenanthrenone 
The sidechain has been numbered with primes to make characterisation data clearer.
Two exceptions to this nomenclature system have been made;
O
Compound 104 has been named as; 4oc-Carboxy-3,4ß,4aß,9,10,10a-hexahydro-7- 
methoxy-2-methylphenanthrene-4aa,10aoc-lactone. The other exception is;
C09CH
The compound 178 has been named as; lß ,7-D im ethyl-la-m ethoxycarbonyl-8aa- 
methoxymethyl-2,3,4aß,4ba,5a,6,8a,9,10,10a-decahydro-5ß-(l'-propyl)- 
2-oxophenanthrene-l',4ß(l//)-ether. These two compounds have been named in these 
ways to preserve the phenanthrene skeleton name and to make characterisation of these 
compounds clearer.
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In accordance with Chemical Abstracts nomenclature, the first stereodescriptor has been 
designated a. Commonly, this is in contrast with the way the molecule is drawn.
OH
H,CO
The compound 174 is named; 4 , 4 a a , 4 b ß , 5 ß , 6 , 8 a , 9 , 10 -Oc tahyd ro -  
5oc-(r-hydroxypropyl)-8aß-methoxymethyl-7-methyl-2(3//)-phenanthrenone.
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SECTION A
CHAPTER 1
Methyl 3-Methoxybenzeneacetate.
H.CO
,co2h h2so4
CH3OH
HoCO
C02CH:
58 2
A 500mL two necked round bottomed flask fitted with a magnetic stirrer, a water 
condenser and a rubber septum was charged with 3-methoxybenzeneacetic acid (58) 
(16.6g, lOOmmol) in methanol (150mL). The solution was cooled to 0°C and cone. 
H2SO4 (2mL) was added carefully over 5min. The resulting mixture was heated under 
reflux for 16h and then allowed to cool to room temperature. The methanol was removed 
in vacuo and iced water (lOOmL) was carefully added to the remaining oil. The aqueous 
phase was extracted twice with diethyl ether (lOOmL) and the combined organic layers 
washed with water (50mL) and brine (50mL), dried over magnesium sulfate and 
concentrated in vacuo. The crude product was distilled to give 17.2g of ester (95% 
yield).
IR (thin film) en r1 : 3000 (m), 2955 (m), 2840 (m), C-H st; 1740 (s), C=0 st; 1600 (s), 
1585 (s), 1490 (s), Ar C=C st; 1260 (s(br)), 1150 (s(br)), C-O st.
13C NMR (FX2) 5 : 41.1 (t, ArCH2), 51.9 (q, CO2CH3), 55.0 (q, A1OCH3), 112.6 (d, 
C4), 115.0 (d, C6), 121.6 (d, C5), 129.5 (d, C2), 135.5 (s, Cl), 159.8 (s, C3), 171.7 
(s, CO).
]H NMR (FX2) 5 : 3.56 (s, 2H, 1-CH2), 3.64 (s, 3H, 3-OCH3), 3.74 (s, 3H, 
ArOCH3), 6.75-6.86 (m, 3H, H2,H4 and H6), 7.20 (dd, 1H, 3/ 5j4 =8.4Hz, 3/ 5,6 
=8.4Hz, H5).
2-(3'-Methoxyphenyl)ethanol.
5'
2
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A flame-dried 500mL two necked round bottomed flask fitted with a mechanical stirrer 
and a rubber septum under a positive pressure of dry nitrogen was charged with dry 
diethyl ether (150mL) and Lithium aluminum hydride (LiAlFLO (4.00g, 105mmol). The 
stirred suspension was cooled to 0°C and methyl 3-methoxybenzeneacetate (16.30g, 
90.5mmol) in diethyl ether (50mL) was added over 15min. The solution was allowed to 
warm to room temperature and was stirred a further 16h. After this time the reaction 
mixture was cooled to 0°C and ethyl acetate (20mL) was added carefully over 10 minutes 
followed by water (lOOmL) over a further 10min period. The resulting slurry was 
filtered and the precipitate was washed with diethyl ether (lOOmL). The combined 
organic layers were washed with IN HC1 (50mL), water (50mL) and brine (50mL), dried 
over magnesium sulfate and concentrated in vacuo. The crude product was distilled to 
give 12.73g of alcohol (92% yield).
IR (thin film) cm '1 : 3400 (s(br)), O-H st; 2940 (s), C-H st; 1600 (s), 1580 (s), 1490 
(s), Ar C=C st; 1255 (s(br)), 1165 (s), 1150 (s), C-O st.
13C NMR (FX2) 5 : 38.9 (t, 1-CH2), 54.7 (q, 3-OCH3), 63.0 (t, CH2OH), 111.3 (d, 
C4), 114.4 (d, C6), 121.0 (d, C5), 129.0 (d, C2), 140.0 (s, C l), 159.3 (s, C3),
NMR (FX2) 6 : 1.89 (s, 1H, -OH), 2.81 (t, 2H, 3/ 2',r=6.7H z, CH20 ) , 3.78 (s, 
3H, 3-OCH3), 3.83 (t, 2H, 3 /r ,2'=6.7Hz, 1-CH2), 6.70-6.86 (m, 3H, H2,H4 and H6), 
7.22 (dd, 1H, 3/ 5>4=8.5Hz, 3 /5>6=7.5Hz, H5).
2'-(3"-Methoxyphenyl)ethyl 4-MethyIbenzenesuIfonate,
A flame-dried lOOmL two necked round bottomed flask fitted with a magnetic stirrer and 
a rubber septum under an atmosphere of dry nitrogen was charged with 2-(3'- 
methoxyphenyl)ethanol (12.50g, 82.2mmol) in pyridine (40mL) and cooled to -20°C. 
p-Toluene-sulfonyl chloride (123mmol, 23.5g) was added to this solution over 15min 
and the reaction stirred at -5°C for 16h. Iced water was added and the aqueous phase 
extracted twice with diethyl ether (150mL). The combined organics were washed twice 
with cold IN  HC1 (lOOmL), saturated N aH C 03 solution (50mL), water (50mL) and
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brine (50mL), dried over magnesium sulfate and concentrated in vacuo. 22.9g of the 
crude tosylate was isolated (91% yield) and was used without further purification.
13C NMR (FX2) 6 : 21.5 (q, 4-CH3), 35.1 (t, C2'), 55.0 (q, 3"-OCH3), 70.5 (t, Cl'), 
112.2 (d, C4"), 114.6 (d, C6"), 121.1 (d, C5"), 127.8 (d, C2M), 129.5 (d, C3 and 
C5), 129.9 (d, C2 and C4), 133.1 (s, Cl), 137.9 (s, C l”), 144.7 (s, C4), 159.6 (s, 
C3"),
*H NMR 6 (FX2) : 2.39 (s, 3H, 4-CH3), 2.88 (t, 2H, 3/2 ’,l'=7.0Hz, H2’), 3.70 (s, 
3H, 3"-OCH3), 4.19 (t, 2H, 3/ r ,2 ’=7.0Hz, H I’), 6.60-6.75 (m, 3H, H2M,H4" and 
H6"), 7.22 (dd, 1H, 3/ 5-')4--=8.2Hz, 3/5")6»=7.6Hz, H5"), 7.24 (d, 2H, 3/  =8.2Hz, H3 
and H5), 7.65 (d, 2H, 3/  =8.2Hz, H2 and H4).
l-Iodo-2-(3'-methoxyphenyl)ethane (56).
I
A 1L three necked round bottomed flask fitted with a mechanical stirrer and water 
condenser under a positive pressure of dry nitrogen was charged with 2'-(3"- 
Methoxyphenyl)ethyl 4-Methylbenzenesulfonate (22.00g, 71.9mmol), acetone (300mL) 
and sodium iodide (64.50g, 430mmol). The resulting suspension w'as heated under 
reflux for 12h and v/as then allowed to cool to room temperature. The reaction was 
filtered and the solid was washed twice more with acetone (lOOmL). The acetone was 
removed in vacuo and water added to the resulting slurry. The aqueous phase was 
extracted twice with diethyl ether (150mL) and the combined organic layers washed with 
water (lOOmL) and brine (lOOmL), dried over magnesium sulfate and concentrated in 
vacuo. The crude product was distilled to give 15.8g of the iodide 56 (84% yield).
IR (thin film) cn r1 : 3000 (m), 2960 (m), 2830 (m), C-H st; 1600 (s), 1585 (s), 1490 
(s), Ar C=C st; 1265, 1165, 1150, 1050, C-O st.
13C NMR (FX2) 5 : 5.3 (t, CH2I), 40.2 (t, 3.-CH2), 55.0 (q, 3-OCH3), 111.9 (d, C4), 
113.9 (d, C6), 120.4 (d, C5), 129.4 (d, C2), 141.9 (s, Cl), 159.5 (s, C3),
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>H NMR (FX2) 8 : 3.00-3.17 (m, 2H, 1-CH2), 3.25-3.80 (m, 2H, CH21), 3.79 (s, 3H, 
3-OCH3), 6.70-6.81 (m, 3H), 7.20 (dd, 1H, 3/54=8.2Hz, 3/5 6=7.6Hz, H5).
Methyl 2-Methoxy-5-methylbenzoate.
A 1L three necked round bottomed flask fitted with a mechanical stirrer and water 
condenser under a positive pressure of dry nitrogen was charged with 2-hydroxy-5- 
methylbenzoic acid (10.00g, 66mmol), potassium carbonate (54.65g, 396mmol), acetone 
(300mL) and dimethyl sulfate (33.60g, 260mmol) and the solution was heated under 
reflux for 16h. The cooled mixture was filtered and the solid washed twice with acetone 
(100ml). the acetone was removed in vacuo and the oil was allowed to stir for 2h with 
water (lOOmL). The aqueous mixture was extracted twice with diethyl ether (150mL) 
and the combined organic layers were washed with water (lOOmL) and brine (lOOmL), 
dried over magnesium sulfate and concentrated in vacuo. The crude product was distilled 
to give 9.90g of the ester (85% yield).
IR (thin film) cm'1 : 2950 (m), 2840 (m), C-H st; 1730 (s), C=0 st; 1615 (m), 1585 
(m), 1500 (s), Ar C=C st; 1305 (s), 1260 (s), 1205 (s), 1080 (s), C-O st.
!3C NMR (FX2) 5 : 19.9 (q, 5-CH3), 51.6 (q, C02CH3), 55.8 (q, 2-OCH3), 111.8 (d, 
C3), 119.4 (s, Cl), 129.1 (s, C5), 131.6 (d, C4), 133.7 (d, C6), 156.8 (s, C2), 166.5 
(s, 1-CO)
*H NMR (FX2) 6 : 2.26 (s, 3H, 5-CH3), 3.82 (s, 3H, C 02CH3), 3.85 (s, 3H, 2- 
OCH3), 6.83 (d, 1H, 3/3 4=8.2Hz, H3), 7.22 (dd, 1H, 3 /4 3=8.6Hz, 4/ 4,6=2.5Hz, 
H4), 7.60 (d, 1H, 4/ 6,4=2.5Hz, H6).
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Methyl 2-Methoxy-l -(2'- (3"-methoxyphenyl)ethyl)-5-methylcyclohexa-  
2 ,5 -d ien e- l -carb oxy la te .
A flame-dried 1L three necked round bottomed flask fitted with a magnetic stirrer, a 
dry-ice condenser and rubber septum under a positive pressure of dry nitrogen was 
charged with methyl 2-methoxy-5-methylbenzoate (9.50g, 52.8mmol), THF (lOOmL) 
and t-butyl alcohol (t-BuOH) (7.83g, 105.6mmol). Ammonia (500mL) was distilled into 
the flask from sodium amide and then small pieces of freshly cleaned lithium wire 
(132mmol, 0.93g) were added. The resulting blue solution was stirred for 15min at 
-33°C and then isoprene was added until the blue colour dispersed. The ammonia was 
boiled off under a stream of nitrogen and the residue cooled to -78°C. The iodide 56 
(15.20g, 58.1 mmol) in THF (40mL) was slowly added to the flask over 10min and the 
reaction stirred at -78°C for a further 30min and allowed to warm to room temperature for 
an additional 16h. Water (lOOmL) was added and the reaction extracted twice with ethyl 
acetate (150mL). The combined organic layers were washed with water (50mL) and 
brine (50mL), dried over magnesium sulfate and concentrated in vacuo. The crude 
product was purified by column chromatography to give 10.2g of the 1,4-dihydro 
compound (61% yield).
IR (thin film) cm’1 : 2940 (m), C-H st; 1735 (s), C =0 st; 1695 (m), 1665 (m), 1600, 
1585, 1490, C=C st; 1385 (m), 1365 (m), 1230 (s(br)), 1170 (s), 1045 (s), C-O st.
13C NMR (FX2) 8 : 22.5 (q, 5-CH3), 30.8 (t, C l'), 31.3 (t, C4), 36.1 (t, C2'), 52.3 
(q, CO2CH3), 52.6 (s, C l), 54.5 (q, 2-OCH3), 55.1 (q, 3"-OCH3), 93.9 (d, C2), 
111.0 (d, C4"), 114.1 (d, C6"), 120.9 (d, C5"), 121.8 (d, C6), 129.1 (d, C2"), 
134.8 (s, C5), 144.3 (s, C l"), 152.6 (s, C2), 159.5 (s, C3”), 174.2 (s, 1-CO).
'H  NMR (FX2) 5 : 1.77 (s, 3H, 5-CH3), 1.85-2.10 (m, 1H, H I’), 2.20-2.50 (m, 3H, 
H I’ and (H2’)2), 2.79 (m, 2H, (H4)2), 3.56 (s, 3H, C 0 2CH3), 3.67 (s, 3H, 2-OCH3), 
3.79 (s, 3H, 3"-OCH3), 4.88 (t, 1H, 3J3>4=3.5Hz, H3), 5.17 (s(br), 1H, H6), 6.65- 
6.82 (m, 3FI, H2",H4" and H6"), 7.17 (dd, 1H, 3-/5",4"=8.2Hz, 3/ 5" 6..=7.5H z, 
H 5").
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MS (m/z): 316 (M+, 29.4%), 257 (15.6), 182 (14.7), 181 (37.0), 150 (5.8), 149 
(48.0), 136 (18.8), 135 (100), 122 (8.2), 121 (15.9), 106 (16.2), 91 (11.5), 79 (5.2), 
77 (6.9).
Methyl 9,10-Dihydro-2-methoxy-7-methylphenanthrene- 
8a(6/f)-carboxylate.
A flame-dried 500mL two necked round bottomed flask fitted with a magnetic stirrer and 
rubber septum under a positive pressure of dry nitrogen was charged with Methyl 2- 
Methoxy-l-(2'-(3"-methoxyphenyl)ethyl)-5-methylcyclohexa-2,5-diene-1-carboxylate 
(10.20g, 32.3mmol) in CH2CI2 (200mL) and cooled to -24°C. Boron trifluoride etherate 
(BF3.Et20) (5.10g, 35.5mmol) was added to the cooled solution over 5min and the 
reaction allowed to warm to room temperature. The resulting solution was stirred for lh 
and then water (50mL) was added and the solution was stirred vigorously for a further 
10min. The organic phase was separated and the aqueous layer extracted twice more with 
CH2CI2 (50mL). The combined organic layers were dried over magnesium sulfate and 
concentrated in vacuo to give a yellow solid. Trituration with hexane gave 7.88g of the 
cyclised compound as a cream powder (86%yield) which was used directly in the next 
step. A sample was crystallised from methanol to give colourless needles.
M P: 137-9°C
IR (CHCI3) cm-1 : 3000 (m), 2950 (m), 2840 (m), C-H st; 1720 (s), C =0 st; 1610 (s), 
1495 (s), Ar C=C st; 1285 (s), 1265 (s), 1220 (s), 1170 (m), C-O st.
13C NMR (GEM3) 5 : 22.5 (q, 7-CH3), 27.1 (t, CIO), 32.0 (t, C9), 33.6 (t, C3), 48.4 
(s, C8a), 52.0 (q, C 0 2CH3), 54.9 (q, 7-OCH3), 112.7 (d, C3), 112.8 (d, C l), 117.9 
(d, C5), 123.2 (d, C4), 125.4 (d, C4a), 127.7 (s, C8), 133.0 (s, Cl), 133.4 (s, ClOa), 
136.0 (s, C4b), 158.4 (s, C2), 174.3 (s, CO).
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>H NMR (GEM3) 6 : 1.76 (s, 3H, 7-CH3), 1.65-1.85 (m, 1H, H9ß), 2.44 (ddd, 3H, 
2J =12.9Hz, 375ß,6ß=5.4Hz, 3/ 5ß,6a=l-7Hz, H 9a), 2.65-3.05 (m, 4H, (H6)2 and 
(H 10)2), 3.56 (s, 3H, C 0 2C H 3), 3.76 (s, 3H,2-OCH3), 5.39 (s(br), 1H, H8), 6.20 
(dd, 1H, 3/5,2=4.2Hz, 375,2=3.1Hz, H5), 6.55 (d, 1H, 4/ i i3=2.5Hz, H I), 6.73 (dd, 
1H, 3/ 3>4=8.7Hz, 4/ 3ji=Hz, H3), 7.52 (d, 1H, 374i3=8.7Hz, H4)
MS (m/z) : 284 (M+, 49.2%), 282 (15.4), 226 (17.2), 225 (100), 224 (22.6), 210 
(16.9), 209 (6.3), 195 (7.3), 193 (5.9), 179 (7.2), 178 (7.8), 166 (5.0), 165 (10.8).
Methyl 9,10-dihydro-5-formyl-2-methoxy-7-inethylphenanthrene- 
8a(6//)-carboxylate (57).
O
A flame dried 500mL three necked round bottomed flask fitted with a magnetic stirrer, a 
cold finger condenser and rubber septum under a positive pressure of dry nitrogen was 
charged with dry DMF (lOOmL) and cooled to 0°C. Freshly distilled POCI3 (34.07g, 
222mmol) was added dropwise over 15min and the resulting reaction was stirred at 0°C 
for 15min and at room temperature for a further 30min. Methyl 9,10-dihydro-2- 
methoxy-7-methylphenanthrene-8a(6//)-carboxylate (7.88g, 27.8mmol) in dry DMF 
(lOOmL) was added to the red solution over 10 minutes. The reaction mixture was heated 
in an oil bath at 60°C for 7 days and was then allowed to cool to room temperature. Iced 
water (150mL) was carefully added and the reaction thoroughly extracted four times with 
ethyl acetate (150mL). The combined organic layers were washed with water (3xlOOmL) 
and brine (lOOmL), dried over magnesium sulfate and concentrated in vacuo to give a 
brown solid consisting of a small amount of starting material and aldehyde. These were 
separated by column chromatography to give 6.94g of the aldehyde 57 (80% yield). A 
sample was crystallised from ethyl acetate / hexane.
M P : 146-7°C
IR (CHCI3) cm-1 : 3000 (m), 2950 (m), 2840 (m), C-H st; 1730 (s), C =0 st (ester); 
1655 (s), C =0 st (aldehyde); 1600 (s), 1495 (s), Ar C=C st; 1465 (m), 1445 (m), 1435 
(m), C-H def; 1265 (s), 1235 (s), 1210 (s), 1165 (s), 1145 (s), C-O st.
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13C NMR (GEM3) 5 : 22.8 (q, 7-CH3), 26.5 (t, CIO), 30.0 (t, C9), 34.0 (t, C6), 52.2 
(s, C8a), 52.4 (q, C 0 2CH3), 55.3 (q, 2-OCH3), 111.6 (d, C3), 113.9 (d, C l), 121.4 
(d, C4), 125.0 (d, C8), 129.4 (s, C4b), 133.7 (s, ClOa), 133.8 (s, Cl), 139.9 (s, C4a), 
152.7 (s, C5), 161.1 (s, C2), 173.4 (s, 8a-CO), 193.6 (d, 5-CHO).
l H NMR (GEM3) 6 : 1.81 (s, 3H, 7-CH3), 1.92 (ddd, 1H, 2J =13.7Hz,
379ß,iOa = 10.3Hz, 3/ 9ß ,10ß=7.8Hz, H9ß), 2.63 (ddd, 1H, 2J =13.7Hz,
3^ 9a,10ß=7.1Hz, 3/ 9a>ioa=2.3Hz, H9a), 2.85-3.20 (m, 4H, (H6)2 and (H10)2), 3.47 
(s, 3H, C 02C H 3), 3.81 (s, 3H, 2-OCH3), 5.36 (s(br), 1H, H8), 6.70 (d, 1H, 
4/ l , 3=2.7Hz, H l), 6.73 (dd, 1H, 3/ 3>4=8.6Hz,4y3>i=2.7Hz, H3), 7.52 (d, 1H, 
3/ 4)3=8.6Hz, H4), 9.84 (s, 1H, 5-CHO).
MS (m/z) : 312 (M+, 32.0%), 254 (12.0), 253 (70.8), 252 (10.1), 235 (9.3), 226 
(16.3), 225 (100), 224 (7.4), 223 (6.1), 210 (23.1), 209 (9.0), 195 (9.8), 194 (6.6), 
193 (8.1), 179 (8.9), 178 (10.5), 166 (8.1), 165 (17.1), 152 (5.5).
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CHAPTER 2
(E and Z)-Methyl 9,10-Dihydro-2-methoxy-7-methyl- 
5-(l'-propenyl)phenanthrene-8aa,(61T)-carboxylate (74).
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with ethyltriphenylphosphonium 
bromide (404mg, 0.96mmol) and dry THF (5mL). The stirred solution was cooled to 
-78°C and n-butyl lithium (0.95mmol) was added dropwise over 5 minutes. The 
resulting yellow suspension was allowed to warm to room temperature to form a red 
homogeneous solution of the ylid. After 20min the flask was cooled to -78°C and a 
solution of the aldehyde 57 (150mg, 0.48mmol) in dry THF (5mL) was added dropwise 
and the reaction mixture allowed to warm to room temperature. The solution was allowed 
to stir for 30min and then quenched with saturated ammonium chloride solution (5mL) 
and water (5mL). The mixture was extracted three times with ethyl acetate (15mL) and 
the combined organic layers were washed with water (lOmL) and brine (lOmL), dried 
over magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography to give 124mg of a mixture of the cis and trans trienes 74 in 
approximately a 1 :1 ratio as a pale yellow oil that solidified on standing (79% yield).
(Z)-Methyl 9,10-Dihydro-2-methoxy-7-methyl- 
5-(l'-propenyl)phenanthrene-8aa,(67/)-carboxylate.*
*H NMR (FX2) 5 : 1.48 (dd, 3H, 3/ 3. 2-=7.2Hz, 4/ 3*,r=1.7Hz, (H31)3), 1.60-1.80 (m, 
1H, H9p), 1.75 (s, 3H, 7-CH3), 2.40-3.30 (m, 5H), 3.47 (s, 3H, C 0 2CH 3), 3.75 (s, 
3H, 2-OCH3), 5.36 (s(br), 1H, H8), 5.42 (dq, 1H, 3/ 2\ r = l  1.5Hz, 4/2 \3 ’=7.2H z, 
H2'), 6.09 (dd, 1H, 3/ r f2'=11.5Hz, 4/ r f3'=1.7Hz, H I'), 6.50-6.80 (m, 2H, H I and 
H3), 7.44 (d, 1H, 3/4>3=8.6Hz).
* The 1H NMR spectrum of this product is reported by disregarding the signals from the trans isomer. 
The spectrum of this compound is given in chapter 3
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Methyl 9,10-Dihydro-5-ethenyI-2-methoxy-7-methylphenanthrene-
8acc(6//)-carboxylate (75).
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with methyltriphenylphosphonium 
bromide (357mg, l.Ommol) and dry THF (5mL). The stirred solution was cooled to 
-78°C and n-butyl lithium (lmmol) was added dropwise over 5 minutes. The resulting 
yellow suspension was allowed to warm to room temperature to form a red homogeneous 
solution of the ylid. After 20min the flask was cooled to -78°C and a solution of the 
aldehyde 57 (156mg, 0.5mmol) in dry THF (5mL) was added dropwise and the reaction 
mixture was allowed to warm to room temperature. The solution was allowed to stir for 
30min and then quenched with saturated ammonium chloride solution (5mL) and water 
(5mL). The mixture was extracted three times with ethyl acetate (15mL) and the 
combined organic layers washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo. The mixture was purified by column 
chromatography to give 117mg of the diene 75 as a pale yellow oil that solidified on 
standing (75% yield).
IR (CHC13) cm-1: 2960 (m), C-H st; 1725 (s), C =0 st; 1610 (s), 1500 (s), Ar C=C st; 
1265 (s) 1165 (m), C-O st.
!3C NMR (FX2) 5 : 22.9 (7-CH3), 26.7 (C9), 32.8 (CIO), 34.4 (C6), 51.4 (C8a and
C 0 2CH3), 55.1 (2-OCH3), 111.0 (C3), 112.9 (C l), 113.2 (C2'), 122.4 (C4), 125.4 
(C5), 128.1 (C4a), 132.3 (C8), 132.7 (C7), 133.8 (C4b), 136.6 (C l'), 138.8 (ClOa), 
158.7 (C2), 174.7 (8a-CO).
ifl NMR (FX2) 5 : 1.70-2.00 (m, 1H, H9ß), 1.81 (s, 3H, 7-CH3), 2.56 (ddd, 1H, 
=13.5Hz, 3/ 9a , l0ß=7 .3Hz, 3/9 a ,i0 a= 2 8 H z , H 9a), 2.72 (d, 1H, 2/= 2 1 .6 H z , H6), 
2.78-3.06 (m, 2H, (H10)2), 3.12 (d, 1H, 2 =21.6Hz, H6), 3.43 (s, 3H, C 0 2C H 3), 
3.78 (s, 3H, 2-OCH3), 5.14 (dd, 1H, 3/ 2'b,l'=H 0H z, 2J = l.lH z , H2'b), 5.28 (dd, 
1H, 37 2 'a ,l '= 17-4H z. l j  = l lH z, H2'a), 5.37 (s(br), 1H, H 8), 6.60 (d, 1H, 
47 ]>3=2.5Hz, H I), 6.70 (d, 1H, 3/ 3>4=8.7Hz, 4/ 3j =2.5Hz, H3), 6.95 (dd, 1H, 
Vl',2-b=17-4Hz> V]',2'a=l 10Hz, HI'), "7.24 (d, 1H, 374>3=8.7Hz, H4).
Ha .Hb
57 75
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MS (m/z): 310 (M+, 38.5%), 251 (100), 236 (30.7), 221 (19.2), 213
(11.5), 70 (13.5), 56 (23.1), 44 (19.2).
HRMS : C20H22O3+ (M+) requires 310.1569 found 310.1568.
(E) Methyl 9,10-Dihydro-5-(l'-(2'-ethoxycarbonyl)ethenyl)-2-methoxy- 
7-methylphenanthrene-8aa(6H)-carboxylate.
2' CO.CH.CH
(Et0)2P(0)CH2C02Et
NaH, -20°C to R.T.
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with triethyl phosphonoacetate 
(224mg, lmmol) and dry THF (5mL). The stirred solution was cooled to -20°C and 
sodium hydride (freshly washed with pentane) (23mg, 0.96mmol) added. The resulting 
mixture was allowed to warm to room temperature to form a brown homogeneous 
solution of the corresponding ylid. After 15min the flask was cooled to -20°C and a 
solution of the aldehyde 57 (152mg, 0.49mmol) in dry THF (5mL) was added dropwise 
and the reaction mixture was allowed to warm to room temperature. The solution was 
stirred for Ihr and then quenched with saturated ammonium chloride solution (5mL) and 
water (5mL). The mixture was extracted three times with ethyl acetate (15mL) and the 
combined organic layers washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo. The crude material was purified by 
column chromatography to give 131mg of the unsaturated ester 80 as a pale yellow solid 
(70% yield).
IR (Thin film) cm '1: 2950 (m), C-H st;, 1730 (s), C=0 st; 1705 (s), unsat. C=0 st; 
1610 (s), 1495 (s), Ar O C  st; 1445 (m), C-H def; 1260 (s) 1170 (m), C-O st; 1040 (m).
13C NMR (GEM3) 6 : 14.0 (OCCH3), 22.5 (7-CH3), 26.3 (C9), 32.9 (CIO), 34.0 
(C6), 51.6 (C8a), 52.0 (CO2CH3), 55.0 (2-OCH3), 60.0 (OCH2-), 111.4 (C3), 113.5 
(Cl), 117.7 (C2'), 122.2 (C4), 123.8 (C5), 127.5 (C4a), 132.6 (C8), 132.9 (C7), 
139.2 (C4b), 141.9 (ClOa), 144.8 (Cl’), 159.9 (C2), 167.8 (2'-CO), 174.3 (8a-CO).
!H NMR (GEM3) 6 : 1.28 (t, 3H, 3/ c H3,CH2=7.1Hz, OC-CH3), 1.75-1.90 (m, 1H, 
C 9 a ), 1.81 (s, 3H, 7-CH3), 2.59 (ddd, 1H, 2/=13.3H z, 3/ 9ß ,i0a = 7 .2Hz,
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3^ 9ß,10ß=2.1Hz, H9ß), 2.74 (d, 1H, 2/= 21 .0H z, H6), 2.78-3.10 (m, 2H, (H10)2), 
3.13 (d, 1H, 2/=21.0H z, H6), 3.44 (s, 3H, CO2CH3), 3.79 (s, 3H, 2-OCH3), 4.20 (q, 
2H, 3/ ch2,CH3=7.1Hz, O CH 2CH 3), 5.39 (s, 1H, H8), 5.98 (d, 1H, 3/ 2\ l ’=15.9Hz, 
H2'), 6.63 (d, 1H, 4/ i i3=2.5Hz, H l), 6.76 (dd, 1H, 3 /3,4=8.6Hz, 473,i=2.5Hz, H3), 
7.16 (d, 1H, 3 /4 3=8.6Hz, H4), 7.89 (d, 1H, 3/] 2 =15.9Hz, H2’).
MS (m/z) : 382 (M+, 56.3%), 323 (41.5), 277 (100), 249 (77.3), 235 (16.7), 225
(6.6), 202 (6.3), 191 (6.8).
(E and Z)-Methyl 9,10-Dihydro-2-methoxy-7-methyl- 
5-(r-propenyI)phenanthrene-8aa,(6J/)-carboxylate (74).
A solution of the triene mixture 74 (the cis and trans materials in a ratio of approximately 
1 : 1) (124mg, O.38mmol) in dry benzene (2mL) was deoxygenated by bubbling dry 
nitogen through it for 30min (approximately 1.5mL of solvent had evaporated during thisA
time). This solution was irradiated at 254nm for 12hr. The reaction was concentrated in 
vacuo and the crude product examined by NMR. It was found that the cis and trans 
compounds were now present in a 2 : 3 ratio.
(E  and Z)-Methyl 9,10-Dihydro-5-(r-(2'-ethoxycarbonyl)ethenyl)-
2-methoxy-7-methyIphenanthrene-8aa(6H)-carboxylate.
+  Starting material
benzene
cis 1 : 1 trans
A solution of the trans unsaturated ester 80 (mg, mmol) in dry benzene (mL) was
r
deoxygenated by bubbling dry nitogen through it for 30min. This solution was irradiated
A
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at 254nm for 12hr. The solution was then concentrated to dryness. The reaction was 
found to result in an inseparable mixture of the and trans compounds.*
(Z) Methyl 9,10-Dihydro-5-(l'-(2'-ethoxycarbonyl)ethenyl)-2-methoxy- 
7-methylphenanthrene-8aa(6H)-carboxylate (83).
>H NMR (GEM3) 8 : 1.29 (t, 3H, 37cH3,CH2=7.1Hz, OC-CH3), 1.76 (s, 3H,
7-CH3), 1.76-1.90 (m, 1H, C9ot), 2.45-2.60 (m, 2H, H9ß and H6), 2.80-3.10 (m, 2H, 
(H 10)2), 3.49 (s, 3H, CO2CH3), 3.62 (d, 1H, 27=21.0Hz, H6), 3.81 (s, 3H, 
2-OCH3), 5.33 (s, 1H, H8), 5.82 (d, 1H, 3/ 2\l'=12.3Hz, H2’), 6.61 (d, 1H, 
4/ ]  3=2.5Hz, HI), 6.67 (dd, 1H, 3y3>4=8.6Hz, 4y3,i=2.5Hz, H3), 6.72 (d, 1H, 
37r,2’=l2.3Hz, HI'), 7.25 (d, 1H, 374>3=8.6Hz, H4).
* 1H NMR data is given for the cis compound (83) by comparison of the spectrum of the two isomers 
with that of the trans compound (80).
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CHAPTER 3
Methyl 9,10-Dihydro-5-hydroxymethyl-2-methoxy-7-inethyIphenanthrene- 
8aa,(6tf)-carboxylate (86).
5 X H O
CuCH3 (cat), DIBAH
HMPA, THF
A flame-dried two necked 50mL flask fitted with a magnetic stirrer and rubber septum 
under a positive pressure of dry nitrogen was charged with copper (I) iodide (17.2mg, 
0.09mmol) and THF (5mL). The stirred suspension was cooled to -50°C and methyl 
lithium (0.09mmol), hexamethylphosphoric triamide (HMPA) (lmL), and 
diisobutylaluminium hydride (DIBAH) (lmmol) were added successively. The mixture 
was stirred at this temperature for a further 30min to produce a brown solution. The 
unsaturated aldehyde 57 (288mg, 0.90mmol) dissolved in THF (lOmL) was added 
drop wise over 5min. The resulting mixture was stirred a further 90min and the reaction 
quenched with IN HC1 solution (2mL) and diluted with diethyl ether (75mL). The 
organic layer was washed with IN HC1 solution (lOmL), water (lOmL) and brine 
(lOmL), dried over magnesium sulfate and concentrated in vacuo. The crude product 
was purified by column chromatography to give 206mg of alcohol 86 (73% yield).
13C NMR (GEM3) 5 : 22.4 (7-CH3), 26.5 (C9), 34.1 (CIO), 34.3 (C6), 50.1 (C8a),
51.9 (CO2CH3), 54.9 (q, 2-OCH3), 63.2 (5-CH2), 111.4 (C3), 113.0 (Cl), 122.4 
(C4), 127.8 (C4a), 127.9 (C4b), 130.7 (C8), 132.2 (Cl), 133.3 (C5), 138.7 (s, ClOa),
158.9 (C2), 175.2 (s, 8a-CO).
!H NMR (GEM3) 5 : 1.77 (s, 3H, 7-CH3), 1.82 (ddd, 1H, 2 / = 1 3 . 4 H z ,
V 9ß,i0a=9.6Hz, V 9ß,10ß=8.1Hz, H9ß), 2.51 (ddd, 1H, V  =l3.4Hz, 3./9a,10a=7.5Hz, 
3/9a,ioß=2.9Hz, H9a), 2.59 (s(br), 1H, -OH), 2.81 (d, 1H, 22 =22.1 Hz, H6), 2.80- 
3.05 (m, 2H, (H10)2), 3.06 (d, 1H, 2/=22.1Hz, H6), 3.43 (s, 3H, CO2CH3), 3.77 (s, 
3H, 2-OCH3), 4.29 (d, 1H, 2J  =11.6Hz, 5-CH2), 4.40 (d, 1H, 27=11.6Hz, 5-CH2), 
5.33 (s(br), 1H, H8), 6.59 (d, 1H, 4/ i i3=2.6Hz, HI), 6.69 (dd, 1H, 3 /3i4=8.7Hz, 
473,1=2.6Hz, H3), 7.26 (d, 1H, 3y4>3=8.7Hz, H4).
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Methyl 9,10-Dihydro-5-hydroxymethyl-2-methoxy-7-methylphenanthrene- 
8aa,(6//)-carboxyIate (86).
L-selectride, t-BuOH
A flame-dried two necked 25mL flask fitted with a magnetic stirrer and rubber septum 
under a positive pressure of dry nitrogen was charged with the unsaturated aldehyde 57 
(llOm g, 0.35mmol), t-BuOH (65mg, O.88mmol) and dry THF (lOmL). This solution 
was cooled to -40°C and a solution of L-selectride (0.37mmol) in THF added. The 
reaction was stirred at this temperature for 4h and the reaction allowed to warm to 0°C. 
The THF was removed in vacuo and the residue was diluted with hexane (lOmL). 10% 
sodium hydroxide solution (3mL) was added with 30% hydrogen peroxide (2mL) and 
this two phase system stirred for a further 2h, after which time the aqueous layer was 
extracted twice with ethyl acetate (lOmL). The combined organic layers were washed 
with water (lOmL) and brine (lOmL), dried over magnesium sulfate and concentrated in 
vacuo. The crude product was purified by column chromatography to give 67mg of 
alcohol 86 as a pale yellow oil (61% yield)
( l 'S  and l'R) Methyl 9,10-Dihydro-5-(l'-hydroxypropyl)-2-methoxy-7- 
methylphenanthrene-8aa,(6//)-carboxylate (87).
OH
A flame-dried 250mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with unsaturated aldehyde 57 
(4.10g, 13.1mmol) and dry THF (75mL). The stirred solution was cooled to -30°C and 
1M ethyl magnesium bromide in diethyl ether was added dropwise until TLC analysis 
showed the reaction to be complete, iced water (50mL) was added carefully followed by 
ethyl acetate (lOOmL). The resulting aqueous slurry was extracted twice more with ethyl 
acetate (75mL) and the combined organic layers were washed with IM HC1 (50mL), 
water (50mL), saturated sodium bicarbonate solution (50mL) and brine (50mL), dried
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over magnesium sulphate and concentrated in vacuo. The crude mixture product was 
purified by column chromatography to give 4.22g of alcohol 87 (94% yield).
IR (CHCI3) cm-1: 3000 (m), 2970 (s), 2875 (m), C-H str; 1720 (s), C =0 str; 1610 (m), 
1500 (w), Ar C=C str; 1250 (s) 1220 (s), 1110 (s), C-O str; 1040 (m), 910 (s).
13C NMR (GM3) 5 : 9.6 (C3’), 22.6 (7-CH3), 26.6 (C9), 27.6 (C2’), 28.7 (CIO), 34.7 
(C6), 51.4 (C8a), 51.8 (CO2CH3), 54.9 (2-OCH3), 71.9 (C l’), 111.5 (C3), 112.8 
(C l), 122.2 (C4), 128.6 (C4a), 129.8 (C5), 130.1 (C8), 132.7 (C7), 133.1 (C4b), 
139.3 (ClOa), 158.7 (C2), 175.3 (8a-CO),
lH NMR (GM3) 8 : 0.65 (t, 3H, 3/ 3-,2-=7.5Hz, (H3')3), 1.45-1.70 (m, 2H, H2'), 
1.73-1.95 (m, 1H, H9ß), 1.78 (s, 3H, 7-CH3), 2.53 (ddd, 1H, 2/ = 1 3 . 5 H z ,  
379a ,10a=6 .8Hz, 3/ 9a , i 0ß=2.0Hz, H9a), 2.75 (d, 1H, 2/= 21 .5H z, H6), 2.67-2.92 
(m, 2H, (H10)2), 2.96 (d, 1H, 2/=21.5H z, H6), 3.41 (s, 3H, CO2CH3), 3.77 (s, 3H, 
2 -O C H 3), 4.80 (t, 1H, 3/ i ' ,2'=7 .2Hz, H I’), 5.35 (s(br), 1H, H8), 6.60 (d, 1H, 
47 l ,3=2 .6Hz, HI), 6.64 (dd, 1H, 3/ 3,4=8 .6Hz, 4Jr3,i=2.6Hz, H3), 7.26 (d, 1H, 
3/ 4,3=8.6H z, H4).
MS (m/z) : 342 (M+, 0.53%), 265 (6.6), 225 (13.6), 165 (3.4), 87 (10.3), 85 (65.6), 
83 (100), 59 (10.2).
HRMS : C2iH2604+ (M+) requires 342.1831 found 342.1834.
l-(4'-(9',10,-Dihydro-7,-niethoxy-2,-methylphenanthrenyl))-l-propanol
( 8 8 ) .
OH OH
AgC03 /  celite
benzene,A
A flame-dried two necked lOOmL flask fitted with a magnetic stirrer, soxhlet apparatus 
and rubber septum under a positive pressure of dry nitrogen was charged with allylic 
alcohol 87 (106mg, 0.31mmol), dry benzene (35mL) and Fetizon's reagent (approx 10 
times excess). The reaction was heated under reflux, with the water produced being 
absorbed by freshly regenerated 4Ä molecular sieves, for 18h. The reaction mixture was
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allowed to cool to room temperature and then filtered through glass fibre filter paper. The 
solid was washed twice more with benzene (15mL) and the combined benzene solutions 
concentrated in vacuo. The product was purified by column chromatography to give 
52mg of the dihydrophenanthrene 88 (60% yield).
!H NMR (FX2) 8 : 1.94 (t, 3H, 3./3,2=6.7Hz, (H3)3), 1.60-2.00 (m, 2H, H2), 2.36 (s, 
3H, 2'-CH3), 2.70 (s, 4H, (H9’)2 and (H10')2), 3.85 (s, 3H, 7’-OCH3), 4.08 (dd, 1H, 
3/l,2=7.0Hz, 3 /i ,2=3.9Hz, H I), 6.81-6.90 (m, 2H, H6' and H8'), 7.01 (s, 1H, H I’), 
7.36 (s, 1H, H3'), 7.49 (d, 1H, 3/ 5’>6’=8.2Hz, H5’).
MS (m/z) : 282 (M+, 96.7%), 265 (17.5), 253 (100), 251 (10.2), 235 (69.0), 225 
(99.6), 221 (15.5), 210 (34.4), 202 (10.0), 195 (19.0), 193 (18.2), 178 (30.2), 165 
(42.8), 152 (13.1), 148 (13.4), 57 (21.0).
Methyl (Zs)-9,10-Dihydro-2-methoxy-7-methyl- 
5-(l'-propenyl)phenanthrene-8aß,(6H)-carboxylate (89).
A flame-dried 50mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with dichloromethane (5mL) and 
oxalyl chloride (51 mg, 0.40mmol). The stirred solution was cooled to -70°C and dry 
DMSO (78mg, l.Ommol) was added dropwise. The resulting mixture was stirred for 
10min and a solution of allylic alcohol 87 (109mg, 0.32mmol) in dichloromethane (5mL) 
was added dropwise over 5min. The reaction was stirred at this temperature for a further 
lh  and then quenched by the addition of dry triethylamine (lm L). The mixture was 
warmed to room temperature, diluted with water and extracted three times with 
dichloromethane (lOmL). The combined organic layers were washed twice with water 
(lOmL), dried over sodium sulfate and concentrated in vacuo. The crude product was 
purified by column chromatography to give 87mg of trans triene 89 as a pale yellow oil 
(84% yield).
IR (CHC13) cm-1: 2960 (m), C-H str„ 1725 (s), C =0 str; 1610 (s), 1500 (s), Ar C=C 
str; 1450 (m), C-H def; 1260 (s) 1165 (m), C-O str; 1040 (m).
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13C NMR (FX2) 8 : 18.8 (C3'), 22.9 (7-CH3), 26.7 (C9), 33.5 (CIO), 34.5 (C6), 51.3 
(C8a), 52.0 (C 0 2CH3), 55.1 (2-OCH3), 111.0 (C3), 112.9 (C l), 122.4 (C4), 122.6 
(C5), 125.1 (C2'), 128.6 (C4a), 130.4 (C8), 130.9 (C4b), 132.2 (C1‘), 132.7 (C7), 
138.7 (ClOa), 158.4 (C2), 175.0 (8a-CO).
iH  NMR (FX2) 8 : 1.50-1.90 (m, 1H, H 9a), 1.79 (s, 3H, 7-CH3), 1.78-1.83 (m, 3H, 
(H3')3), 2.45-3.25 (m, 3H, H9ß and (H10)2), 2.70 (d, 1H, 2J =21.4Hz, H6), 3.09 (d, 
1H, 2J =21.4Hz, H6), 3.42 (s, 3H, CC»2CH3), 3.79 (s, 3H, 2-OCH3), 5.36 (s(br), 1H, 
H8), 5.80 (dq, 1H, 3 /2',r=15.7H z, 3/ 2. r =6.75Hz, H2'), 6.55-6.75 (m, 1H, H I'), 
6.61 (d, 1H, 4/ i , 3=2.8Hz, H I), 6.72 (d, 1H, 3 /34=8.7Hz, 4/ 3,i=2.8Hz, H3), 7.27 (d, 
1H, 3/4 3=8.7Hz, H4).
MS (m/z) : 324 (M+, 31.6%), 266 (22.5), 265 (100), 250 (22.1), 235 (12.7), 223 
(10.4), 219 (6.8), 208 (6.0), 165 (13.2), 118 (11.7), 57 (21.9).
HRMS : C2iH24 0 3+ (M+) requires 324.1725 found 324.1723.
Methyl 9,10-Dihydro-2-methoxy-7-methyl-5-(l'-oxopropyI)phenanthrene- 
8aa,(6//)-carboxyIate (94).
1 : 2.3
A flame-dried lOOmL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with allylic alcohol 87 (420mg, 
1.23mmol), DMSO (15mL) and triethylamine (7.5mL). Pyridine sulfur trioxide complex 
(587mg, 3.69mmol) was added in small portions over 10 minutes and the resulting 
mixture stirred for 18h. The reaction was diluted with water (20mL) and extracted three 
times with ethyl acetate (50mL). The combined organic layers were washed twice with 
water (50mL) and brine (20mL), dried over magnesium sulfate and concentrated in vacuo 
to give a brown oil. The crude mixture was purified by column chromatography to give 
113mg of ketone 94 (27% yield) and 259mg of the trans triene 89 (62% yield).
MP: 144-146°C
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IR (CHCI3) cm-1: 2960 (m), 2940 (m), C-H st;, 1730 (s), C=0 (est) st; 1680 (s), C=0 
(ket) st; 1610 (s), 1500 (s), Ar C=C st; 1265 (s) 1170 (m), C-O st; 1040 (m).
!3C NMR (FX2) 6 : 8.7 (C31), 22.5 (7-CH3), 26.7 (C9), 34.3 (C6 and CIO), 35.6 
(C2'), 50.8 (C8a), 52.1 (CO2CH3), 55.1 (2-OCH3), 111.8 (C3), 113.4 (Cl), 122.2 
(C4), 127.1 (C4a), 130.5 (C8), 131.2 (C5), 132.9 (C7), 135.4 (C4b), 138.0 (ClOa), 
159.8 (C2), 174.9 (8a-CO), 212.0 (Cl’),
1H NMR (GM3) S : 0.96 (t, 3H, 3/ 3-,2-=7.3Hz, (H3')3), 1.40-2.40 (m, 3H, (H2’)2 and 
H9a), 1.76 (s, 3H, 7-CH3), 2.48-2.68 (m, 1H, H9ß), 2.56 (d, 1H, 2/=21.6Hz, H6), 
2.68-3.14 (m, 2H, (H10)2), 3.25 (d, 1H, 2/=21.6Hz, H6), 3.46 (s, 3H, CO2CH3), 
3.77 (s, 3H, 2-OCH3), 5.34 (s(br), 1H, H8), 6.50-6.70 (m, 2H, HI and H3), 6.99 (d, 
1H, 3/4,3=9.3Hz, H4).
MS (m/z) : 340 (M+, 3.6%), 281 (13.2), 251 (4.2), 223 (6.1), 165 (4.1), 57 (100). 
HRMS : C2iH2404+ (M+) requires 340.1675 found 340.1673.
9,10-Dihydro-7-methoxy-2-methylphenanthrene-4-carboxaldehyde (96).
A two necked 50mL flask fitted with a magnetic stirrer, a water condenser and rubber 
septum was charged with unsaturated aldehyde 57 (312mg, l.OOmmol), methanol 
(lOmL), water (5mL) and sodium hydoxide (100mg). The stirred solution was heated 
under reflux for 6h and allowed to cool to room temperature. The methanol was removed 
under vacuum and the residue extracted three times with ethyl acetate (15mL). The 
combined organic layers were washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by column 
chromatography to give 219mg of aromatic aldehyde 96 (87% yield).
IR (CHCI3) cm-1: 3000 (w), 2940 (w), 2840 (w), C-H st; 1680 (s), C=0 st; 1610 (s), 
1585 (m), 1500 (m), 1460 (s), Ar C=C st; 1260 (s), 1075 (s), C-O st.
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13C NMR (VXR3) 5 : 20.8 (2-CH3), 29.0 (C9), 29.6 (CIO), 55.2 (7-OCH3), 111.4 
(C6), 113.9 (C8), 124.1 (C5), 127.0 (C3), 131.7 (C4b), 132.6 (C l), 133.2 (C4), 135.8 
(C2), 136.2 (C4a), 139.5 (C8a), 141.1 (ClOa), 159.6 (C7), 193.3 (4-CHO).
1H NMR (FX2) 5 : 2.39 (s, 3H, 2-CH3), 2.80 (s, 4H, (H9)2 and (H10)2), 3.85 (s, 3H, 
7-O C H 3), 6.81-6.90 (m, 2H, H8 and H6), 7.11 (d, 1H, 3 /5 6=8.2Hz, H5), 7.28 (s, 
1H, H I), 7.64 (s, 1H, H3), 10.14 (s, 1H, 4-CHO).
MS (m/z) : 252 (M+, 21.8%), 209 (7.7), 165 (8.7), 86 (28.1), 84 (46.1), 49 (100).
Methyl (Zs)-9,10-Dihydro-2-methoxy-7-methyl- 
5-(l'-propenyl)phenanthrene-8aa,(6^)-carboxylate (89).
O
A flame-dried two necked 25mL flask fitted with a magnetic stirrer and rubber septum 
under a positive pressure of dry nitrogen was charged with the unsaturated ketone 94 
(52mg, 0.17mmol), triethylsilane (23mg, 0.2mmol) and carbon tetrachloride (5mL). 
Trifluoroacetic acid was added to the mixture and the resulting solution stirred at 50°C for 
6h. The reaction was cooled and the mixture carefully neutralised with 2N sodium 
hydroxide solution.. Water was added (5mL) and the aqueous phase extracted twice with 
dichloromethane (15mL). The combined organics were dried over sodium sulfate and 
concentrated in vacuo. The crude product was purified by column chromatography to 
give 37mg of trans triene 89 (identical to that isolated in an earlier reaction) (68% yield).
7-Methoxy-10aa-methoxycarbonyl-2-methyI- 
3,9,10,10a-tetrahydrophenanthrene-4-carboxylic acid (99).
N a02Cl, Na2H P03
H20 ,  t-BuOH,
A 50mL flask was charged with the unsaturated aldehyde 57 (320mg, 1.03mmol), 
t-BuOH (lOmL), 2-methyl-2-butene (77mg, ll.Ommol) and pH 3.5 sodium hydrogen
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phosphate buffer solution (5mL). Sodium chlorite (80%) (226mg, 2.5mmol) dissolved 
in water (5mL) was added to the vigorously stirred solution over 10 min and the resulting 
two phase system allowed to stir for a further 18 hr. The solvents were removed in 
vacuo and saturated sodium bicarbonate solution added to the residue until it was made 
basic. The resulting aqueous layer was extracted twice with diethyl ether (20mL) and 
then carefully acidified with 2N HC1. The acidified solution extracted three times with 
ethyl acetate (25mL) and the combined organics washed with IN HC1 (20mL) and brine 
(20mL), dried over magnesium sulfate and concentrated in vacuo to give a yellow oil that 
solidified on standing. The acid 99 was recrystallised from ethyl acetate / hexane to give 
220mg of yellow crystals (65% yield).
M P: 190-192°C
IR (CHC13) cm-1: 3100 (br, C 0 2-H st), 2950 (m, C-H st), 2600 (br, C 0 2-H st), 1725 
(s, C =0 st), 1610 (m, ar C=C st), 1500 (m, ar C=C st), 1240 (s, C-O st).
13C NMR (XL2) 5 : 22.5 (q, 2-CH3), 26.5 (t, CIO), 33.8 (t, C9), 34.1 (t, C3), 51.4 (s, 
ClOa), 52.2 (q, -C 0 2C H 3), 55.0 (q, 7-OCH3), 112.1 (d, C6), 112.6 (d, C8), 120.5 (s, 
C4), 121.9 (d, C5), 126.6 (s, C4b), 130.5 (d, C l), 132.5 (s, C2), 138.2 (s, C8a), 
141.4 (s, C4a), 159.8 (s, C7), 173.5 (s, 10a-CO), 175.9 (s, 4-CO).
NMR (XL2) 5 : 1.78 (s, 3H, 2-CH3), 1.78-2.05 (m, 1H, H10ß), 2.55 (ddd, 1H, 
2/=13 .6H z, 3 /10a,9ot=6.3Hz, 37i0a,9ß=2.6Hz, H lO a), 2.83 (d, 1H, 2/= 2 2 .5 H z , 
H3), 2.80-3.15 (m, 2H, (H9)2), 3.26 (d, 1H, 2J  =22.5Hz, H3), 3.46 (s, 3H, 
C 0 2C H 3), 3.76 (s, 3H, 7-OCH3), 5.33 (s(br), 1H, H I), 6.56 (d, 1H, 4/ 8,6=2.6Hz, 
H8), 6.64 (dd, 1H, 3 /6,5=8.7Hz, 4/ 6,8=2.6Hz, H6), 7.26 (d, 1H, 3/ 5>6=8.7Hz, H5).
MS (m/z) : 328 (M+, 12.9%), 268 (27.8), 251 (66.0), 225 (100), 210 (36.8), 193 
(16.2), 178 (22.9), 165 (36.3), 152 (12.2), 89 (13.0), 76 (16.7), 63 (14.4).
7-Methoxy-10aa-methoxycarbonyl-2-methyl- 
3,9,10,10a-tetrahydrophenanthrene-4-carboxyIic acid (99).
OCH,57 99
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A 250mL flask was charged with the unsaturated aldehyde 57 (3.80g, 12.2 mmol), THF 
(lOOmL), 1,3-dihydroxybenzene (resorcinol) (3.35g, 30.4mmol) and pH 3.5 sodium 
hydrogen phosphate buffer solution (35mL). Sodium chlorite (80%) (2.75g, 24.4mmol) 
dissolved in water (20mL) was added to the vigorously stirred solution over 10 min and 
the resulting two phase system allowed to stir for a further 18 hr. The THF was removed 
under vacuum and saturated sodium bicarbonate solution added to the residue until it was 
basic. The resulting aqueous layer was extracted twice with diethyl ether (50mL) and 
then carefully acidified with 2N HC1. The acidic solution was extracted three times with 
ethyl acetate (lOOmL) and the combined organics washed with IN  HC1 (50mL) and brine 
(50mL), dried over magnesium sulfate and concentrated in vacuo to give a yellow oil that 
solidified on standing. The acid 99 was recrystallised from ethyl acetate /  hexane to give 
3.48g of yellow crystals (87% yield).
Dimethyl 2-Methoxy-7-methyl-9,10-tetrahydrophenanthrene- 
5,8aa,(6f/)-d icarboxyIate
The unsaturated acid 99 (3.40g, 10.4mmol) was dissolved in ethyl acetate (150mL) in a 
conical flask and cooled to 0°C. Freshly prepared diazomethane was added to the stirred 
solution until TLC analysis showed none of the starting acid remained. Acetic acid was 
added dropwise until no gas evolution was observed and the mixture stirred at room 
temperature for 30 min. The organic phase was washed saturated potassium carbonate 
solution (50mL), water (50mL) and brine (50mL), dried over magnesium sulphate and 
concentrated in vacuo gave a pale yellow solid. The diester 100 was recrystallised from 
ethyl acetate / hexane to give 3.37g of very pale yellow crystals (95% yield).
M P: 176-178°C
IR (CHC13) cm-1: 3000 (w), 2950 (m, C-H st), 1735 (s, 1-C=0 st), 1725 (s, 4a-C=0 
st), 1610 (m, ar C=C st), 1500 (m, ar C=C st), 1435 (m, C-H def), 1280 (m) 1240 (s), 
1230 (s, C-O st).
13C NMR (XL3) 8 : 22.4 (q, 2-CH3), 26.5 (t, CIO), 33.8 (t, C6), 34.1 (t, C3), 50.7 (s, 
ClOa), 51.5 (q, 10a-CO2CH3), 52.1 (q, 4 -C 02CH 3) 55.0 (q, 7-OCH3), 111.9 (d, C6),
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112.6 (d, C8), 121.6 (s, C4), 122.2 (d, C5), 126.9 (s, C4b), 129.6 (d, C l), 132.4 (s, 
C2), 137.8 (s, C8a), 138.0 (s, C4a), 159.4 (s, C7), 171.7 (s, 4-CO), 173.6 (s, 
10a-CO),
1H NMR (XL3) 5 : 1.77 (s, 3H, 2-CH3), 1.80-2.00 (m, 1H, H10ß), 2.54 (ddd, 1H, 2J 
=13.5Hz, 3 /10a,9a=6.8Hz, 3/io<x,9ß=2.0Hz, H lO a), 2.75 (d, 1H, 2J = 22.2Hz, H3), 
2.80-3.10 (m, 2H, (H9)2), 3.27 (d, 1H, 2/=22.2H z, H3), 3.45 (s, 3H, 10a-CO2CH3), 
3.64 (s, 3H, 4 -C 02C H 3), 3.76 (s, 3H, 7-OCH3), 5.33 (s(br), 1H, H I), 6.57 (d, 1H, 
4/ 8,6=2.8Hz, H8), 6.64 (dd, 1H, 376,5=8.7Hz, 4/ 6,8=2.8Hz, H6), 7.26 (d, 1H, 
3 /8>6=8.7Hz, H8).
MS (m/z) : 342 (M+, 99.0%), 282 (18.3), 251 (100), 239 (12.6), 224 (65.8), 209 
(20.1), 178 (11.9), 165 (24.7), 85 (11.3), 83 (17.7), 59 (38.3).
MA : Calcd. for C20H22O5: C, 70.16%; H, 6.48%. Found C, 70.03%; H, 6.70%.
Methyl 10aa-Hydroxym ethyl-7-methoxy-2-m ethyl- 
4aa,9,10,10a-tetrahydrophenanthrene-4ß,(3//)-carboxylate (101).
O
1. Li, NH3, THF
101 R = C02CH3
102 R = CH2OH
A flame dried 250mL three necked round bottom flask fitted with a magnetic stirrer, a dry 
ice condenser and a rubber septum under a positive pressure of dry nitrogen was charged 
with a solution of the diester 100 (624mg, 2.00mmol) in dry THF (20mL). Ammonia 
(120mL) was distilled into the flask from sodium amide and small pieces of freshly 
cleaned lithium wire were added until a blue colour persisted. After 15 minutes solid 
ammonium chloride (approx lg) was carefully added and the ammonia was allowed to 
boil off. Water (20mL) and ethyl acetate (30mL) were added and the mixture stirred for a 
further 5min. The aqueous phase was extracted twice more with ethyl acetate (30mL), 
and the combined organic layers washed with water (20mL) and brine (20mL), dried over 
magnesium sulphate and concentrated in vacuo. The crude product mixture was 
separated by column chromatography to give 291 mg of hydroxy ester 101 (46% yield), 
184mg of dihydroxy compound 102 (32% yield) and 23mg of acyloin 103 (4% yield).
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IR (CHCI3) cm-1: 3450 (br, O-H st), 2930 (m, C-H st), 1730 (s, C=0 st), 1610 (m, ar 
C=C st), 1500 (s, ar C=C st), 1435 (m, C-H def), 1380 (m, C-O st).
!3C NMR (XL3) 5 : 23.3 (q, 2-CH3), 26.4 (t, C9) 27.9 (t, C3), 29.8 (t, CIO), 38.5 (d, 
C4a), 41. 8 (s, ClOa), 42.2 (d, C4), 51.4 (q, CO2CH3), 54.7 (q, 7-OCH3), 69.5 (t, 
10a-CH2), 111.7 (d, C6), 113.2 (d, C8), 125.3 (d, CI), 127.9 (s, C4b), 128.4 (d, C5), 
136.7 (s, C2), 139.6 (s, C8a), 157.0 (s, C7), 176.2 (s, 4-CO).
NMR (XL3) 5 : 1.55-1.78 (m, 2H, (H10)2), 1.69 (s, 3H, 2-CH3), 1.82 (s(br), 1H, 
-OH), 1.90-2.10 (m, 2H, (H3)2), 2.53 (ddd, 1H, 2J  =16.3Hz, 3/9ß,10a=4.7Hz 
3/9 ß ,i0ß=4.7Hz, H9ß), 2.78 (ddd, 1H, 2J  =16.3Hz, 3/ 9a,10ß=10.1 Hz, 
3/9a,10a=4.9Hz, H9a), 3.20 (ddd, 1H, 3/ 4a ,3ß=8.9Hz, 3/ 4tx,3a = 5.2H z, 
3^4a,4aa=3.4Hz, H4a), 3.53 (d, 1H, 2J  =10.9Hz, 10a-CH), 3.58 (d, 1H, 
374aa,4a=3.4Hz, H4aa), 3.62 (d, 1H, 2J  =10.9Hz, 10a-CH), 3.72 (s, 3H, -OCH3), 
3.76 (s, 3H, 7-OCH3), 5.02 (s, 1H, Hl), 6.57 (d, 1H, 4/ 8,6=2.6Hz, H8), 6.66 (dd, 
1H, 376,5=8.6H z, 4/ 6,8=2.6H z, H6), 6.85 (d, 1H, 3/ 5,6=8.6Hz, H5).
MS (m/z) : 316 (M+, 14.6%), 285 (37.0), 253 (19.2), 225 (100), 211 (10.7), 190 
(10.5), 165 (9.7), 115 (9.7), 105 (6.9).
HRMS : Ci9H240 4+ (M+) requires 316.1675 found 316.1674.
9,10-Dihydro-2-methoxy-7-methylphenanthrene-
5ß,8aa(4aaJ/,6tf)-dimethanol (102).
OH
10
19
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IR (CHCI3) cm-1: 3560 (br), 3450 (br, O-H st), 3000(m), 2930 (s, C-H st), 1730 (m, 
C=C st), 1610 (m), 1500 (m, ar C=C st), 1270 (m, O-H bend).
13C NMR (XL2) 8 : 24.1 (7-CH3), 25.8 (CIO) 28.6 (C6), 31.7 (C9), 38.4 (C4b), 39.6 
(C8a), 43.0 (C5), 55.0 (2-OCH3), 62.6 (5-CH2), 68.2 (8a-CH2), 112.6 (C3), 112.9 
(Cl), 126.2 (C4a), 129.2 (C8), 130.5 (C4), 135.3 (C7), 137.5 (ClOa), 157.3 (C2).
'H  NMR (XL2) 5 : 1.30-1.40 (m, 1H, H9ß), 1.60-1.70 (m, 1H, H9o), 1.74 (s, 3H, 
7-CH 3), 1.90-2.20 (m, 2H, (H6)2), 2.22-2.35 (m, 1H, H5), 2.50-2.75 (m, 2H, 
(H10)2), 3.02 (s(br), 1H, H4ba), 3.25-3.50 (m, 4H, 5-CH2 and 8a-CH2), 3.76 (s, 3H, 
2-OCH3), 5.16 (s(br), 1H, H8), 6.57 (d, 1H, 4/ i j3=2.6Hz, HI), 6.72 (dd, 1H, 
3/3,4=8.6Hz, 473ji=2.6Hz, H3), 7.17 (d, 1H, 374>3=8.6Hz, H4).
MS (m/z) : 288 (M+, 16.2), 257 (100), 239 (37.8), 227 (11.0), 224 (13.3), 211 (12.8), 
197 (11.0), 189 (10.9), 171 (15.4), 165 (14.8), 161 (18.4), 159 (18.2), 147 (60.0), 145 
(11.1), 135 (15.4), 128 (14.1), 121 (28.8), 119 (12.6), 115 (23.3), 112 (11.8), 105 
(20.5), 97 (23.4), 93 (15.2), 91 (28.8), 85 (45.5), 83 (68.5), 81 (36.9), 79 (13.4), 77 
(24.7), 69 (10.6), 65 (13.3), 63 (10.4), 57 (13.6), 55 (28.3), 51 (14.1).
HRMS : Ci8H240 3+ (M+) requires 288.1725 found 288.1723.
4ba,5a,6,8a,9,10-Hexaydro-l l-hydroxy-2-methoxy-7-niethyl-12-oxo- 
5ß,8aß-ethanophenanthrene (103).
I3C NMR (XL3) 8 : 22.8 (7-CH3), 25.0 (CIO), 26.8 (C6), 31.8 (C9), 39.7 (C4b), 43.7 
(C8a), 50.6 (C5), 55.3 (2-OCH3), 75.9 (C ll), 112.9 (C3), 113.3 (Cl), 126.0 (C8), 
127.5 (C4a), 127.7 (C4), 138.2 (C7), 139.1 (ClOa), 158.2 (C2), 210.9 (C12).
'H  NMR (XL3) 5 : 1.72 (s, 3H, 7-CH3), 1.82 (ddd, 1H, =13.0Hz,
37 9 a ,l0ß = 13.0Hz, 379 a ,ioa=5.2Hz, H 9a), 2.31 (ddd, 1H, =13.0Hz,
3A>ß,10ß=6.0Hz, 3y9ß 10a=2.0Hz, H9ß), 2.41 (dd, 1H, 2J  =17.8Hz, 3/ 6a,5a=2.4Hz, 
H 6a), 2.63 (d, 1H, 2J  =17.8Hz, H6ß), 2.60-2.95 (m, 2H, (H10)2), 3.09 (s, 1H, 
H4ba), 3.12-3.19 (m, 1H, H5a),.3.76 (s, 3H, 2-OCH3), 3.96 (d, 1H, 3/oh=7.6Hz, 
HI 1), 5.24 (s(br), 1H, H8), 6.55 (d, 1H, 4/ i >3=2.5Hz, HI), 6.76 (dd, 1H, 
3/3 4=8.5Hz, 4,/3j =2.5Hz, H3), 7.23 (d, 1H, 3i 4i3=8.5Hz, H4).
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MS (m/z) : 284 (M+, 100%), 256 (53.6), 253 (75.3), 226 (50.2), 225 (70.1), 211 
(31.3), 197 (10.6), 181 (11.0), 178 (15.9), 173 (87.8), 165 (32.0), 160 (25.3), 152 
(20.5), 147 (12.5), 141 (13.5), 134 (21.4), 128 (19.6), 119 (14.9), 115 (25.3).
Methyl 10aa-Hydroxymethyl-7-methoxy-2-methyI-4aa,9,10,10a-
tetrahydrophenanthrene-4ß,(3f/)-carboxylate (101).
O
£ 0 9CH
1. Li, NH3, THF
2, isoprene
Ammonia (500mL) was distilled from sodium amide into a flame-dried 1L three necked 
flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a 
positive pressure of dry nitrogen. Small pieces of freshly cleaned lithium wire (390mg, 
84.6mmol) were added and the resulting blue solution stirred for 15 minutes. A solution 
of the diester 100 (3.20g, 9.4mmol) in dry THF (60mL) was added dropwise over 15 
minutes. After a further 15 minutes, isoprene was added dropwise until the blue colour 
dispersed and the ammonia was allowed to boil off under a stream of nitrogen. Saturated 
ammonium chloride solution (40mL) was added and the mixture stirred for 15 min. 
Water (40mL) was added and the aqueous phase extracted three times with ethyl acetate 
(lOOmL). The combined organics were washed with water (50mL) and brine (50mL), 
dried over magnesium sulfate and concentrated in vacuo to give a pale brown oil. The 
crude mixture was separated by column chromatography to give 2.22g of hydroxy ester 
101 as a colourless oil (75% yield) and 372mg of lactone 104 which could be 
recrystallised from ethyl acetate / hexane (14% yield).
4ß-Carboxy-3,4a,4aa,9,10,10a-hexahydro-7-m ethoxy-2- 
methylphenanthrene-4aß,10aß-lactone (104).
MP: 176-177°C
IR (CHCI3) cm-1: 2940 (m), C-H st; 1725 (s), C O  st; 1610 (m), Ar C=C st; 1500 (m), 
Ar C=C st; 1260 (s), 1160 (s), 1110 (m), C-O st.
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!3c NMR (XL3) 8 : 22.4 (2-CH3), 25.9 (C9), 29.5 (C3), 33.0 (CIO), 36.9 (C4a), 38.2 
(C4), 39.9 (ClOa), 55.2 (7-OCH3), 73.1 (10a-CH2), 111.8 (C6), 114.4 (C8), 125.7 
(C l), 127.6 (C4b), 128.1 (C5), 134.4 (C2), 137.4 (C8a), 158.5 (Cl), 173.8 (4-CO).
lH  NMR (XL3) § : 1.66 (ddd, 1H, 2J  =14.1Hz, 37i0a,9a=7.9Hz, 37i0a,9ß=5.6Hz, 
H lO a ) ,  1.77 (s, 3H, 2-CH3), 1.89 (ddd, 1H, =14.1Hz, 37 i0 ß ,9 a = 8 .4 H z ,
3-/lOß,9a=8-2Hz, H lO ß), 2.41 (d(br), 1H, =18.0Hz, H 3ß), 2.63 (dd, 1H, 2J
=18.0Hz, 3y3 a 4 a =5.9Hz, H 3a), 2.73-2.94 (m, 3H, (H9)2 and H 4aa), 3.59 (d(br), 
1H, 3 /4a ,2a= 5 .9H z, H 4a),.3 .53 (dd, 1H, 2]  =11.0Hz, V iOa-CH,4a<x=l-7Hz, 
lOa-CH(eq)), 3.79 (s, 3H, 7-OCH3), 3.95 (d, 1H, 2J  =11.0Hz, lOa-CH(ax)), 5.36 
(s(br), 1H, H4), 6.70 (d, 1H, 47gi6=2.8Hz, H8), 6.76 (dd, 1H, 376,5= 8 .4H z, 
476,8=2.8Hz, H6), 7.17 (d, 1H, 3/ 5,6=8.4Hz, H5).
MS (m/z) : 284 (M+, 63.6%), 226 (100), 211 (55.2), 195 (14.6), 165 (12.4), 115 
(10.9), 105 (11.0).
HRMS : CigH20O3+ (M+) requires 284.1412 found 284.1413.
MA : Calcd. for CigH20O 3: C, 76.03%; H, 7.09%. Found C, 76.04%; H, 7.39%.
10aa-Hydroxymethyl-7-methoxy-2-methyl-
4aa,9,10,10a-tetrahydrophenanthrene-4ß(3//)-carboxaldehyde (125).
2. isoprene
3. NH4C1
Ammonia (200mL) was distilled from sodium amide into a flame-dried 500mL three 
necked flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under 
a positive pressure of dry nitrogen. Small pieces of freshly cleaned lithium wire (327mg, 
46.7mmol) were added to the ammonia and the resulting blue solution stirred for 10 
minutes. A solution of the unsaturated aldehyde 57 (1.62g, 5.19mmol) in dry THF 
(25mL) was added dropwise over 15 minutes. After a further 15 minutes, isoprene was 
added dropwise until the blue colour dispersed and the ammonia was allowed to boil off 
under a stream of nitrogen. Saturated ammonium chloride solution (25mL) was added 
and the mixture stirred for 15min. Water (20mL) was added and the aqueous phase 
extracted three times with ethyl acetate (40mL). The combined organic layers were 
washed with water (20mL) and brine (20mL), dried over magnesium sulfate and
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concentrated in vacuo. The resulting crude product was purified by column 
chromatography to give 623mg of hydroxy aldehyde 125 (42% yield).
13C NMR (XL2) 8 : 23.6 (q, 2-CH3), 25.7 (t, C9) 27.4 (t, C3), 28.0 (t, CIO), 38.2 (d, 
C4a), 39.6 (s, ClOa), 52.3 (d, C4), 55.0 (q, 7-OCH3), 67.9 (t, 10a-CH2), 112.8 (d, 
C6), 113.2 (d, C8), 125.8 (d, Cl), 127.5 (s, C4b), 130.1 (d, C5), 135.3 (s, C2), 137.5 
(s, C8a), 157.7 (s, C7), 204.4 (d, 4-CHO).
!H NMR (XL2) 8 : 1.25-1.90 (m, 2H, (H10)2), 1.75 (s, 3H, 2-CH3), 2.11 (dd, 1H, 2J 
=17.4Hz, 3y3ß,4a=5.3Hz, H3ß), 2.32 (d, 1H, 2J =17.4Hz, H3a), 2.50-2.85 (m, 2H, 
(H9)2), 2.90-3.10 (m, 1H, H4a), 3.40-3.50 (m, 3H, (4a-CH2)2) and H4aa), 3.76 (s, 
3H, 7-OCH3), 5.13 (s(br), 1H, HI), 6.60 (d, 1H, 4/ 8,6=2.3Hz, H8), 6.75 (dd, 1H, 
3 /6,5=8.6Hz, 4y6,8=2.3Hz, H6), 7.11 (d, 1H, 3/ 5i6=8.6Hz, H5), 9.60 (d, 1H, 4-CHO).
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CHAPTER 4
Methyl 7-Methoxy-10aß-methoxymethoxymethyl-2-methyl- 
4aß,9,10,10a-tetrahydrophenanthrene-4a,(3//)-carboxyIate (127).
3
M0MC1, EtN(i-Pr)2
DMAP, 0°C to RT
MOMO
A flame dried lOOmL two necked round bottom flask fitted with a magnetic stirrer and a 
rubber septum under a positive pressure of dry nitrogen was charged with the hydroxy 
ester 101 (2.62g, 8.29mmol) and a catalytic amount of 4-dimethylaminopyridine (approx 
20mg) in dry dichloromethane (25mL) and diisopropylethylamine (Hiinig's base) (5.36g, 
41.4mmol). The stirred solution was cooled to 0°C and chloromethyl methyl ether 
(1.67g, 20.7mmol) was added dropwise over 10min. The reaction mixture was allowed 
to warm to room temperature and stirred for a further 2 days. The reaction was quenched 
with water (25mL) and the resulting mixture was stirred for a further 30min. The 
aqueous phase was extracted twice more with dichloromethane (40mL) and the combined 
organic layers washed with IN HC1 (40mL) and water (20mL), dried over sodium sulfate 
and concentrated in vacuo. The crude yellow oil was chromatagraphed to give 2.53g of 
the protected ether 127 (87% yield).
IR (CHC13) cm-1: 2940 (s), C-H str; 1730 (s), C = 0  st; 1610 (m), 1500 (m), Ar
C=C str; 1440 (m), C-H def; 1270 (m), 1155 (s), 1110 (s), C-O str.
13C NMR (FX2) 8 : 23.1 (q, 2-CH3), 26.4 (t, C9) 27.7 (t, C3), 30.4 (t, CIO), 38.6
(d, C4a), 40.8 (s, ClOa), 41.9 (d, C4), 51.1 (q, CO2CH3), 54.5 (q, 7-OCH3), 54.7 (q, 
O CH 3), 74.2 (t, 10a-CH2), 96.1 (t, OCH20 ), 111.5 (d, C6), 113.1 (d, C8), 125.4 (d, 
C l), 127.7 (s, C4b), 128.2 (d, C5), 135.9 (s, C2), 139.5 (s, C8a), 156.9 (s, Cl), 
175.5 (s, 4-CO).
!H NMR (XL3) 5 : 1.55-1.70 (m, 1H, H10ß), 1.66 (s, 3H, 2-CH3), 1.83 (ddd, 1H,
2J =13.5Hz, 3y10a 9ß=i2.1Hz, 3y10a 9a=4.7Hz, H lO a), 1.85-2.20 (m, 2H, (H3)2), 
2.49 (ddd, 1H, 2J =16.1Hz, 379a,10ß=4.7Hz, 3 /9ajl0a=4.3Hz, H 9a), 2.79 (ddd, 1H, 
2J  =16.4Hz, 3 /9pa0a=l2.1Hz, 3/ 9ß,10ß=4.7Hz, H9ß), 3.16 (ddd, 1H, 3/4ß,3a=8.5Hz, 
3*/4ß,3ß=5.2Hz, 3y4ß4bß=3.0Hz, H4ß), 3.38 (s, 3H, -OCH3), 3.40 (d, 1H, 2J  =9.6Hz, 
10a-CH), 3.57 (d, 1H, 2J =9.6Hz, 10a-CH), 3.65 (d, 1H, 3/ 4bß 4ß=3.0Hz, H4aß),
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3.76 (s, 6H, CO2CH3 and 7-OCH3), 4.64 (s, 2H, 0C H 20 ), 5.03 (s(ar), 1H, H I), 6.57 
(d, 1H, 4/ 8,6=2.5Hz, H8), 6.64 (dd, 1H, 3 /6 5=8.6Hz, 4/ 6,8=2.5Hz, H6), 6.82 (d, 1H, 
3/ 5>6=8.6Hz, H5).
7-Methoxy-10aß-methoxymethoxymethyl-2-methyl- 
4aß,9,10»10a-tetrahydrophenanthrenyl-4a,(3^)-methanol (131).
MOMO OCH, MOMO
A flame-dried 250mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with LiAlH4 (410mg, 10.8mmol) 
and dry diethyl ether (60mL). The vigorously stirred suspension was cooled to 0°C and a 
solution of ester 127 (2.52g, 7.20mmol) in dry diethyl ether (50mL) was added 
dropwise over 15min. The reaction mixture was stirred for a further 2h and then ethyl 
acetate (lOmL) was added dropwise until no further reaction was observed. Brine 
(20mL) was added dropwise to the solution over 15min and the reaction was stirred for a 
further 30min. The solid was filtered off, washed once with ethyl acetate (20mL) and 
dissolved in the minimum volume of IN HC1 and extracted twice with ethyl acetate 
(25mL). The combined organic phases were washed with IN HC1 (40mL), saturated 
sodium bicarbonate solution (20mL), water (20mL) and brine (20mL), dried over 
magnesium sulfate and concentrated in vacuo. The crude product was purified by column 
chromatography to give 2.15g of the alcohol 131 as a pale yellow oil (90% yield).
13C NMR (FX2) 5 : 24.3 (2-CH3), 26.3 (C9), 28.3 (C3), 32.0 (CIO), 38.0 (ClOa), 
40.0 (C4a), 43.3 (C4), 55.0 (7-OCH3 and OCH3), 63.1 (C l’), 73.4 (10a-CH2), 96.7 
(OCH20 ), 112.2 (C6), 113.1 (C8), 127.4 (C l), 129.7 (C4b), 130.5 (C5), 131.9 C2), 
137.7 (C8a), 157.8 (C7).
!H NMR (FX2) 6 : 1.20-1.45 (m, 1H, H10ß), 1.71 (s, 3H, 2-CH3), 1.65-2.35 (m, 
4H, HlOoc, H4ß bnd (H3)2), 2.60-2.72 (m, 2H, (H9)2), 2.80 (d, 1H, 3/ 4bß>4ß=4.6Hz, 
H 4aß), 3.19 (d, 1H, 2J =8.2Hz, 10a-CH), 3.20-3.50 (m, 2H, (H I')2), 3.28 (s, 3H, 
O C H 3), 3.39 (d, 1H, 2/  =8.2Hz, 10a-CH), 3.77 (s, 3H, 7-OCH3), 4.52 (s, 2H, 
O C H 20 ) , 5.38 (s(ar), 1H, H I), 6.59 (d, 1H, 4/ 8,6=2.6Hz, H8), 6.74 (dd, 1H, 
3/ 6,5=8.6Hz, 4 /6>8=2.6Hz, H8), 6.82 (d, 1H, 375j6=8.6Hz, H5).
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7-Methoxy-10aß-methoxymethoxymethyl-2-methyl-4aß,9,10,10a-
tetrahydrophenanthrene-4cc(3f/)-carboxaldehyde (132).
O
mol sieves
MOMO OCH, MOMO
A flame-dried lOOmL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with alcohol 131 (2.15g, 
6.48mmol), dry dichloromethane (25mL) and freshly regenerated powdered molecular 
sieves (approx 2.0g). Freshly ground PDC (10.90g, 29.2mmol) was added and the 
reaction was stirred until the reaction appeared complete from TLC analysis. The reaction 
mixture was diluted with ethyl acetate (50mL) and celite (approx 6g) was added. The 
resulting slurry was filtered through a plug of silica and then the solid washed through 
three times more with ethyl acetate (30mL). The resulting organic solutions were 
concentrated in vacuo and the crude oil chromatagraphed to give 1.52g of the aldehyde 
132 (71% yield).
13C NMR (GEM3) 5 : 23.6 (q, 2-CH3), 25.9 (t, C9) 27.2 (t, C3), 28.1 (t, CIO), 38.8 
(s, ClOa), 39.0 (d, C4a), 52.2 (d, C4), 54.9 (q, 7-OCH3), 55.0 (q, OCH3), 73.0 (t, 
10a-CH2), 96.5 (t, 0C H 20 ), 112.7 (d, C6), 113.2 (d, C8), 126.7 (d, C l), 127.6 (s, 
C4b), 129.9 (d, C5), 133.1 (s, C2), 137.9 (s, C8a), 157.8 (s, C7), 204.2 (d, 4-CHO).
*H NMR (XL3) 6 : 1.25-1.50 (m, 1H, HlOß), 1.70-90 (m, 1H, H 10a), 1.74 (s, 3H, 
2-CH3), 2.12 (dd, 1H, 2J  =16.8Hz, 3/ 3a,4ß=5.0Hz, H 3a), 2.27 (dd, 1H, 2J =16.8Hz, 
3^3ß,4ß=5.0Hz, H3ß), 2.60-2.85 (m, 2H, (H9)2), 2.92-3.02 (q, 1H, 3/  =5.0Hz, H4ß), 
3.31 (d, 1H, 2J =9.3H z, 10a-CH2), 3.32 (s, 3H, OCH3), 3.38 (d, 1H, 
3^4bß,4ß=5.0Hz, H4aß), 3.47 (d, 1H, 2J =9.3Hz, 10a-CH2), 3.78 (s, 3H, 7-OCH3), 
4.59 (s, 2H, 0C H 20 ), 5.28 (s(ar), 1H, H I), 6.61 (d, 1H, 4/ 8,6=2.6Hz, H8), 6.75 (dd, 
1H, 3/ 6 5=9.1H z, 4/ 6 ,8=2.6H z, H6), 7.09 (d, 1H, 3 /5 6=8.6Hz, H5), 9.67 (s, 1H, 
4-CHO).
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l - (4 ,a-(7'-Methoxy-10a,ß-methoxymethoxymethyl-2,-methyl- 
4a'ß,9,,10',10a'-tetrahydrophenanthrenyl)-l-propanone (134).
O O
1. EtMgBr
MOMO MOMO
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with aldehyde 132 (94mg, 
0.28mmol) in dry diethyl ether (5mL). The stirred solution was cooled to 0°C and 1M 
ethyl magnesium bromide in diethyl ether was added dropwise until TLC analysis 
showed the reaction to be complete, iced water (5mL) was added carefully followed by 
ethyl acetate (lOmL). IM HC1 was added until all the precipetate was dissolved and the 
aqueous phase extracted twice more with ethyl acetate (20mL). The combined organic 
layers were washed with IM HC1 (lOmL), water (lOmL), saturated sodium bicarbonate 
solution (lOmL) and brine (lOmL), dried over magnesium sulphate and concentrated in 
vacuo. The crude mixture of diastereomers was used in the next step without 
purification.
A 25mL flask fitted with a magnetic stirrer was charged with the crude alcohol and 
acetone (5mL). The solution was cooled to 0°C and Jones's reagent was added dropwise 
until TLC analysis showed the complete consumption of starting material. i-Propyl 
alcohol (2mL) was added to quench any excessive oxidising reagent and the acetone 
removed under vacuum. Water (lOmL) was added.and the reaction extracted three times 
with ethyl acetate (15mL). The combined organic layers were washed with water 
(lOmL), saturated sodium bicarbonate solution (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo to give a pale brown oil. The crude product 
was purified by column chromatography to give 87mg of the ketone 134 (85% yield 
from the aldehyde)
IR (CHC13) cm-1: 2940 (s), C-H st; 1700 (s), C=0 str; 1610 (m), 1500 (s), Ar
C=C str; 1460 (m), C-H def; 1280 (m), 1150 (s), 1110 (s) C-O str; 1040 (m).
13C NMR (FX2) 6 : 7.9 (C3), 23.4 (2'-CH3), 26.4 (C9'), 27.8 (C3'), 30.2 (CIO’),
33.7 (C2), 39.2 (C4a'), 41.0 (C10a’), 49.8 (C4’), 54.9 (7'-OCH3), 55.2 (OCH3), 74.7 
(10a’-CH2), 96.8 (OCH20), 111.9 (d, C6'), 113.8 (d, C8'), 125.4 (d, C l’), 128.1 (s, 
C4b'), 129.0 (d, C5'), 136.6 (s, C2’), 139.9 (s, C8a'), 157.6 (s, C7’), 215.1 (s, Cl).
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lH N M R (X L 3 )8 : 1.12 (t, 3H, 3y3 2=7.0Hz, (H3)3), 1.55-1.65 (m, 1H, H lO 'a),
1.64 (s, 3H, 2'-CH3), 1.75-90 (m, 1H, HIO'ß), 1.94 (d, 2H, ,4'ß=6.9Hz, (H3’)2),
2.35-2.90 (m, 4H, (H9')2 bnd (H2)2), 3.11 (dt, 1H, 374'ß,3'=6.9Hz, 374'ß,4b'ß=3.0Hz, 
H 4 'ß ), 3.38 (s, 3H, OCH3), 3.41 (d, 1H, 2J  =8.9Hz, 10a’-CH2), 3.61 (d, 1H, 
2/  =8.9Hz, 10a'-CH2), 3.64 (d, 1H, 3J4b'ß,4'ß=3.0Hz, H4a’ß), 3.74 (s, 3H, 7'-OCH3), 
4.68 (s, 2H, 0C H 20 ), 5.04 (s(ar), 1H, H I'), 6.59 (d, 1H, 4/ 8',6'=2.6Hz, H8'), 6.63 
(dd, 1H, 376',5'=8-7Hz, 4y6\8'=2.6Hz, H6'), 6.72 (d, 1H, 3i 5',6'=8.7Hz, H5').
MS (m /z): 358 (M+, 0.31%), 225 (11.7), 211 (4.1), 171 (5.7), 57 (100).
3,4,5,6,7,8-Hexahydro-2(l//)-naphthalenone (139).
137 138 139
A flame dried 500mL three necked round bottom flask fitted with a magnetic stirrer, a dry 
ice condenser and a rubber septum under a positive pressure of dry nitrogen was charged 
with a solution of 6-methoxy-l,2,3,4-tetrahydronaphthalene (137) (2.00g, 12.3mmol) 
in dry THF (20mL) and t-BuOH (20mL). Ammonia (250mL) was distilled into the flask 
from sodium amide and small pieces of freshly cleaned lithium wire were added until a 
blue colour persisted. After lh  isoprene was added dropwise until the blue colour 
dispersed and the ammonia was boiled off under a stream of dry nitrogen. Saturated 
ammonium chloride solution (40mL) and ethyl acetate (50mL) were added and the 
mixture stirred for a further 5min. Water (20mL) was added and the aqueous phase was 
extracted twice more with ethyl acetate (75mL), and the combined organic layers were 
washed with water (25mL) and brine (25mL), dried over magnesium sulphate and 
concentrated in vacuo. The crude mixture was used in the next reaction without further 
purification.
A lOOmL flask fitted with a magnetic stirrer was charged with the crude enol ether 138 in 
THF (50mL) and water (20mL). Oxalic acid (4.65g, 36.9mmol) was added and the 
resulting solution was allowed to stir for 18h. The THF was removed under vacuum and 
saturated bicarbonate solution (20mL) and water (20mL) were added. The aqueous phase 
was extracted three times with diethyl ether (40mL) and the combined organic layers were 
washed with water (25mL) and brine (25mL), dried over magnesium sulphate and 
concentrated in vacuo. The crude product was purified by column chromatography to 
give 1.25g of the ß,yenone 139 (68% yield from the aromatic compound).
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!3C NMR (XL2) 5 : 22.1 (C6), 22.6 (C7), 29.4 (C5), 29.5 (C8), 30.4 (C4), 38.8 (C3), 
44.2 (C l), 125.8 (C4a), 128.7 (C8a), 211.6 (C2).
!H NMR (XL2) 8 : 1.58-1.68 (m, 4H, (H6)2 and (H7)2), 1.90 (s(br), 2H, (H5)2), 1.98 
(s(br), 2H, (H8)2), 2.28-2.37 (m, 2H, (H4)2), 2.48 (m, 2H, (H3)2), 2.74 (s(br), 2H, 
(H I)2).
4,4a,5,6,7 ,8-H exahydro-2(3//)-naphthalenone103 (143).
oa0^
139 143
A 50mL flask was charged with enone 139 (328mg, 2.19mmol) in THF (lOmL). To the 
stirred solution was added 3M HC1 solution (4mL). The reaction was allowed to stir 
overnight and then was carefully neutralised with saturated sodium bicarbonate solution. 
The THF was removed under vacuum and diethyl ether (15mL) and water (15mL) added 
to the residue. The aqueous phase was extracted twice more with diethyl ether (15mL) 
and the combined organic layers washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulphate and concentrated in vacuo. The product was purified by bulb to 
bulb distillation to give 282mg of the conjugated enone 143 (86% yield).
Methyl lß-M ethyl-3(a and ß)-phenylse!eno-
3,4,4aß,5,6,7,8,8aa-octahydro-2-oxonaphthalene-la(2H)-carboxylate
(146).
1. LDA, THF
2. PhSeCl
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with diisopropylamine (116mg, 
1.15mmol) in dry THF (5mL). The stirred solution was cooled to -78°C and n-butyl 
lithium (l.OOmmol) added dropwise over 5min. The resulting solution was allowed to 
warm to 0°C and was stirred an additional 30min and then cooled back to -78°C. A 
solution of the ß-ketoester 145 (191mg, 0.86mmol) in THF (2mL) was added dropwise 
over 5min and the reaction allowed to warm to 0°C. After 30min the reaction was cooled 
back to -78°C and phenylselenenyl chloride (239mg,1.25mmol) was added in one lot.
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The reaction was stirred at this temperature for lh and then at 0°C for a further lh. Water 
(lOmL) was added and mixture extracted three times with ethyl acetate (20mL). The 
combined organics were washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo. The crude mixture of inseparable 
diastereomers 146 was purified by column chromatography to give 338mg of a pale 
yellow oil (82% yield).
!H NMR (VXR3) 5 : 0.9-1.36 (m), 1.36 (s, l-CH3(ß-SePh)), 1.40-1.90 (m), 1.61 (s, 
1 -C H 3(a-S eP h)), 1.90-2.20 (m), 3.67 (s, C 0 2C H 3(a-S eP h)), 3.74 (s, 
C 0 2CH3(ß-SePh)), 3.96 (dd, 373a,4a=5.3Hz, 3/ 3a,4ß=2.0Hz, H3a), 4.33 (dd, 
3^ 3ß4a=l3.2Hz, 373ß,4ß=6.4Hz, H3ß), 7.20-7.40 (m).
Methyl 4aß,5,6,7,8,8aa-Hexahydro-lß-methyl-2-oxonaphthalene-
la(2//)-carboxylate.
146
A 25mL flask was charged with the diastereomeric a-ketoselenides 146 (283mg, 
0.59mmol) in dichloromethane (lOmL) and pyridine (5mL) and cooled to 0°C. The 
solution was stirred vigorously and 30% hydrogen peroxide (4mL) was added dropwise 
over 5min. The mixture was stirred for a further 20min after which saturated sodium 
bicarbonate solution (5mL) and water (lOmL) were added. The aqueous layer was 
extracted three times with ethyl acetate (20mL) and the combined organic layers washed 
with IM HC1 (lOmL), saturated sodium bicarbonate solution (lOmL) and brine (lOmL), 
dried over magnesium sulfate and concentrated in vacuo. The crude product was purified 
by column chromatography to give 119mg of the enone 147 (91% yield).
IR (CHC13) cm'1: 2930 (s), 2860 (m), C-H str; 1735 (s), C=0 (ester) str; 1675 (s), C=0 
(ketone) str; 1450 (m), C-H def; 1270 (s) 1220 (s), 1130 (s), C-O str.
13C NMR (GEM3) 5 : 13.2 (q, 1-CH3), 25.2 (t, C6), 26.1 (t, Cl), 26.6 (t, C5), 31.5 
(t, C8), 37.4 (d, C4a), 46.3 (d, C8a), 52.1 (OCH3), 58.7 (s, Cl), 126.7 (d, C3), 154.7 
(d, C4), 173.4 (s, 1-CO), 199.7 (C2).
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*H NMR (XL2) 6 : 1.30-1.50 (m, 4H), 1.28 (s, 3H, 1-CH3), 1.70-1.90 (m, 3H), 1.95- 
2.05 (m, 1H), 2.10-2.20 (m, 1H, H 8a), 2.25-2.35 (m, 1H, H4a), 3.74 (s, 3H, 
CO2CH3), 5.98 (d(br), 1H, 3 /3,4=10.3Hz, H3), 6.71 (d(br), 1H, 3 /4,3=10.3Hz, H3).
MS (m/z) : 222 (M+, 15.4%), 163 (50.9), 162 (45.8), 140 (15.1), 135 (31.2), 134 
(21.6), 125 (14.7), 121 (20.0), 112 (20.9), 107 (28.9), 91 (24.8), 81 (100), 67 (29.9), 
55 (46.3), 53 (62.3).
5 a - ( l ,-(Dimethyl- ( lM,l"-dimethylethyl)silyloxy)propanyI)-  
3,4,4bß,5ß,6,8a,9,10-octahydro-8aß-methoxymethoxymethyl-7-methyl-  
2(l//)-phenanthrenone (149).
OH OTBS OTBS
TBSC1, DMF, Li, NH3, t-BuOH
MOMOMOMO MOMO
A flame dried 50mL two necked round bottom flask fitted with a magnetic stirrer, and 
rubber septum was charged with the diastereomeric alcohols 133 (2.3 lg, 6.42mmol) in 
dry DMF (lOmL). To this solution was added imidazole (1.31g, 19.25mmol) 
andt-butyldimethylsilyl chloride (TBSC1) (1.93g, 12.83mmol). The resulting solution 
was stirred for 2 days and then quenched with water (20mL). The aqueous phase was 
extracted three times with ethyl acetate (50mL) and the combined organics washed with 
IN HC1 solution (30mL), water (30mL) and brine (30mL). The organic phase was dried 
over magnesium sulfate and concentrated in vacuo. The crude product was purified by 
filtration through a plug of silica gel and then used in the next step.
A flame dried 250mL three necked round bottom flask fitted with a magnetic stirrer, a dry 
ice condenser and a rubber septum under a positive pressure of dry nitrogen was charged 
with a solution of the crude silyl ethers 136 in dry THF (15mL) and t-BuOH (15mL). 
Ammonia (150mL) was distilled into the flask from sodium amide and small pieces of 
freshly cleaned lithium wire were added until a blue colour persisted. After 45 minutes, 
isoprene was added dropwise until the blue colour dispersed and the ammonia was boiled 
off under a stream of dry nitrogen. Saturated ammonium chloride solution (20mL) and 
ethyl acetate (50mL) were added and the mixture stirred for a further 5min. Water 
(20mL) was added and the aqueous phase was extracted twice more with ethyl acetate 
(50mL). The combined organic layers were washed with water (50mL) and brine 
(50mL), dried over magnesium sulphate and concentrated in vacuo. The crude mixture 
was used in the next reaction without further purification.
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A lOOmL flask fitted with a magnetic stirrer was charged with the crude enol ether, THF 
(25mL) and water (lOmL). Oxalic acid (1.62g, 12.83mmol) was added and the resulting 
solution allowed to stir for 18h. The THF was removed under vacuum and saturated 
sodium bicarbonate solution (20mL) and ethyl acetate (20mL) were added. The aqueous 
phase was extracted twice more with ethyl acetate (40mL) and the combined organic 
layers were washed with water (20mL) and brine (20mL), dried over magnesium 
sulphate and concentrated in vacuo. The crude diastereomeric products were separated by 
column chromatography to give 532mg of the minor isomer and 1.278g of the major 
isomer of the ß,yenone 149 (61% yield overall from the alcohols).
Major isomer.
IR (CHC13) cm-1: 2960 (s), 2930 (s), C-H st; 1715 (s), C=0 str; 1465 (m), C-H def; 
1255 (m), 1150 (s), 1105 (s) C-O str; 1040 (s), 840 (s).
1H NMR (FX2) 5 : 0.01 (s, 3H, SiCH3), 0.03 (s, 3H, SiCH3), 0.87 (t, 3H, 
3 /3',2’=7.5Hz, (H3’)3), 0.87 (s, 9H, 1M-(CH3)3), 1.40-2.50 (m, 14H), 1.73 (s, 3H, 
7-CH3), 2.75 (s, 2H, (HI)2), 3.25 (d, 1H, 2J  =9.7Hz, 8a-CH2), 3.34 (s, 3H, OCH3), 
3.50 (d, 1H, 2/  =9.8Hz, 8a-CH), 3.89 (m, 1H, H I’), 4.60 (s, 1H, OCH20), 4.89 
(s(br), 1H, H8).
13C NMR (VXR3) 5 : -4.6 (SiCH3), -3.9 (SiCH3), 6.5 (C3'), 18.2 (Cl"), 23.7 
(7-CH3), 25.9 (1"-(CH3)3), 27.3 (C2!), 29.8 (C6), 29.8 (CIO*), 30.4 (C9), 39.2 (C4), 
40.0 (C4b*), 41.0 (C8a*), 41.0 (C5*), 45.2 (Cl), 55.2 (OCH3), 72.5 (Cl'), 74.1 (8a- 
CH2), 96.7 (OCH20), 124.8 (C8), 129.4 (C4a), 130.4 (C10a*), 137.1 (C7*), 212.4 
(C2).
MS (m/z) : 462 (M+, 0.4%), 405 (2.7), 255 (18.8), 173 (42.6), 117 (12.3), 115 (14.0), 
89 (13.7), 75 (43.8), 73 (91.1), 59 (13.5), 57 (10.8), 55 (16.6), 45 (100).
Minor isomer.
IR (CHC13) cm-1: 2960 (s), 2930 (s), C-H st; 1715 (s), C=0 str; 1465 (m), C-H def; 
1255 (m), 1150 (s), 1105 (s) C-O str; 1040 (s), 840 (s).
13C NMR (VXR3) 5 : -5.1 (q, SiCH3), -3.6 (q, SiCH3), 6.5 (q, C3’), 18.1 (s, Cl"), 
23.5 (q, 7-CH3), 25.7 (q, 1"-(CH3)3), 27.1 (t, C2'), 29.2 (t, C6), 29.7 (t, CIO), 30.4
The peaks shown with an asterisk were difficult to assign because they were unusually weak in this 
spectrum.
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(t, C9), 38.0 (t, C4), 38.9 (d, C4b), 39.0 (d, C8a), 41.2 (d, C5), 45.3 (t, Cl), 54.9 (q, 
OCH3), 73.3 (d, Cl'), 74.4 (t, 8a-CH2), 96.8 (t, 0CH20), 125.6 (d, C8), 129.4 (s, 
C4a), 130.4 (s, ClOa), 137.1 (s, C7), 212.4 (s, C2).
!H NMR (VXR3) 8 : 0.06 (s, 3H, SiCH3), 0.09 (s, 3H, SiCH3), 0.85 (t, 3H, 
3 /3’,2’=7.5Hz, (H3’)3), 0.91 (s, 9H, 1M-(CH3)3), 1.40-2.50 (m, 14H), 1.66 (s, 3H, 
7-CH3), 2.72 (s, 2H, (HI)2), 3.28 (d, 1H, 2J  =9.6Hz, 8a-CH2), 3.35 (s, 3H, OCH3), 
3.49 (d, 1H, 2J =9.6Hz, 8a-CH), 3.89 (ddd, 1H, 3/  =9.5Hz, 3/  =3.8Hz, 2J =3.7Hz, 
H I’), 4.61 (s, 1H, 0CH20), 4.90 (s(br), 1H, H8).
5 ß - ( l ,-(Dimethyl-(lM, l M-dimethyIethyl)silyloxy)propanyl)- 
4ba,5a,6,8a,9,10-hexahydro-8aß-methoxymethoxymethyl-  
7-methyIphenanthrene-l,2-diol (150).
OTBS OTBS
TBAF, THF
MOMO MOMO
150 OH
A flame dried lOmL two necked round bottom flask fitted with a magnetic stirrer and 
drying tube, filled with dry calcium chloride, was charged with a solution of the enone 
149 (25mg, 0.054mmol) in dry THF (4mL). Anhydrous tetrabutylammonium fluoride 
solution in THF (0.2mmol) was added and the reaction mixture stirred for 15min. Water 
(2mL) was added to the dark brown mixture and the THF removed under vacuum. The 
aqueous phase was extracted three times with ethyl acetate (lOmL) and the combined 
organics were washed with brine (5mL), dried over magnesium sulfate and concentrated 
in vacuo. The crude product was purified by column chromatography to give 12mg of 
the catechol compound 150 (46% yield)
13C NMR (FX2) 8 : -4.3 (Si-CH3), -3.5 (Si-CH3), 7.7 (C3'), 20.1 (Cl"), 23.9
(7-CH3), 26.3 (1"-CH3)3), 27.7 (C2'), 30.0 (C6), 30.5 (C9), 38.7 (CIO), 41.2 (C4a), 
41.7 (C4b), 55.5 (OCH3), 73.3 (8a-CH3), 74.7 (C l’), 106.9 (OCH20), 112.3 (C3), 
121.3 (C4), 125.3 (C8), 129.0 (ClOa), 131.0 (C7), 138.0 (C4a), 140.7 (C2), 140.8 
(Cl).
*H NMR (FX2) 8 : 0.01 (s, 3H, Si-CH3), 0.05 (s, 3H, Si-CH3), 0.88 (t, 3H, 
3/ 3'f2'=7.3Hz, (H3')3), 0.90 (s, 9H, 1"-(CH3)3), 1.00-2.30 (m, 7H), 1.61 (s, 3H, 
7-CH3), 2.57 (m, 2H, (H6)2), 3.07 (s(br), 1H, H4ba), 3.35 (d, 1H, 27=14.1Hz,
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8a-CH2), 3.36 s, 3H, OCH3), 3.57 (d, 1H, 2 /=14.1H z, 8a-CH2), 4.00-4.10 (m, 1H, 
H I’), 4.62 (s, 2H, 0C H 20 ), 4.98 (s(br), 1H, H8), 6.57 (d, 1H, 3 /9>10=8.7Hz, H9), 
6.66 (d, 1H, 3 /10 9=8.7Hz, H10).
MS (m/z) : 476 (M+, 0.1%), 419 (1.2), 269 (20.2), 173 (70.7), 149 (30.4), 147
(12.3), 117 (14.3), 115 (18.1), 89 (19.9), 75 (42.8), 73 (86.1), 59 (15.0), 57 (41.9), 
45 (100).
5a-(l ' -(Dimethyl-(l" , l"-dimethylethyI)s i lyloxy)propanyI)-
4,4aa,4bß,5ß,6,8a,9,10-octahydro-8aß-methoxymethoxymethyl-7-methyl-
2(37/)-phenanthrenone.
A flame dried 50mL two necked round bottom flask fitted with a magnetic stirrer and a 
rubber septum under a positive pressure of dry nitrogen was charged with a solution of 
the enone 149 (1.28mg, 2.77mmol) in dry THF (15mL). Anhydrous HC1 gas was 
bubbled into the solution for approximately lOsec and the reaction allowed to stir at room 
temperature. The reaction was followed by TLC analysis and when this showed 
approximately a 1 : 1 mixture of the starting material and conjugated enone 154 (more 
polar and U.V. active by TLC) the reaction was quenched by the careful addition of 
saturated sodium bicarbonate solution (lOmL) and water (lOmL). The THF was 
removed under vacuum and the aqueous phase was extracted three times with ethyl 
acetate (30mL). The combined organic layers were washed with water (20mL) and brine 
(20mL), dried over magnesium sulfate and concentrated in vacuo. The crude mixture of 
isomers was separated by column chromatography to give 435mg of the starting material 
149 and 461 mg of the conjugated enone 154 (36% yield). The reaction was repeated 
twice more to give 672mg of the conjugated enone 154 (53% total yield).
IR (CHCI3) cm-1: 2960 (s), 2930 (s), C-H st; 1660 (s), C =0 str; 1460 (m), 1375
(m), C-H def; 1255 (m), 1150 (s), 1105 (s) C -0  str; 1040 (s), 835 (s).
13C NMR (XL2) 8 : -4.6 (q, SiCH3), -4.2 (q, SiCH3), 6.0 (q, C3’), 18.0 (s, C l”),
23.3 (q, 7-CH3), 25.7 (q, 1M-(CH3)3), 26.2 (t, C2'), 29.8 (t, C6), 30.4 (t, C9), 31.7 (t, 
CIO), 34.3 (t, C4), 35.2 (d, C4a), 37.0 (t, C3), 39.0 (d, C4b), 39.7 (d, C5), 42.7 (s,
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C8a), 55.1 (q, OCH3), 73.7 (d, C l'), 74.2 (t, 8a-CH2), 96.4 (t, 0C H 20 ), 124.3 (d, 
C l), 125.3 (d, C8), 137.6 (s, Cl), 168.5 (s, ClOa), 199.0 (s, C2).
1H N M R (F X 2 )5 : 0.08 (s, 3H, SiCH3), 0.09 (s, 3H, SiCH3), 0.91 (t, 3H,
3 / 3-)2’= 7 .5 H z, (H3')3), 0.92 (s, 9H, 1”-(CH3)3), 1.40-2.60 (m, 15H), 1.72 (s, 3H, 
7 -C H 3), 3.26 (d, 1H, 2J =9.8Hz, 8a-CH2), 3.33 (s, 3H, OCH3), 3.54 (d, 1H, 
2J  =9.8Hz, 8a-CH), 3.89 (dt, 1H, 3/  =9.6Hz, 3/  =3.4Hz, H I'), 4.58 (s, 1H, 0C H 20 ) , 
4.96 (s(br), 1H, H8), 5.82 (s, 1H, H I).
Methyl 3 , 4 ,4 a ß ,4 b a ,5 a ,6 ,8 a ,9 ,1 0 ,1 0 a a - D e c a h y d r o - 5 ß - ( l ’- (d im ethyl-  
( l M, l M-dimethylethyl)silyloxy)propanyl)-8aa-methoxymethoxymethyl- 
7-methyl-2-oxophenanthrene-la(2//)-carboxylate (155).
LiOH, THF, H20
/ \
OTBS OTBS OTB S
1. Li, NH3, t-BuOH
2. Isoprene
3. NCCO2CH3
MOMOMOMO O MOMO
Ammonia (75mL) was distilled from sodium amide into a flame-dried 250mL three 
necked flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under 
a positive pressure of dry nitrogen. Small pieces of freshly cleaned lithium wire (26mg, 
3.64mmol) were added to the ammonia and the resulting blue solution stirred for 10min. 
A solution of the enone 154 (672mg, 1.45mmol) in dry diethyl ether (lOmL) and 
t-BuOH (97mg, 1.31mmol) was added dropwise over 5min. After a further 15min, 
isoprene was added dropwise until the blue colour dispersed and the ammonia allowed to 
boil off under a stream of nitrogen. The residue was carefully dried under high vacuum 
for 5min after which, the nitrogen atmosphere was re-introduced. The resulting enolate 
was suspended in dry diethyl ether (15mL) and cooled to -78°C. Methyl cyanoformate 
(148mg, 1.75mmol) was added dropwise and the resulting suspension was stirred for a 
further 20min at this temperature and then allowed to warm to 0°C. Water (15mL) and 
ethyl acetate (lOmL) were added and the mixture stirred until the precipitate was 
completely dissolved. The aqueous phase was extracted twice more with ethyl acetate 
(15mL) and the combined organic layers were washed with water (lOmL) and brine 
(lOmL), dried over magnesium sulfate and concentrated in vacuo. The crude mixture 
was separated by column chromatography to give the required ß-ketoester 155
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con taminated with a cyanohydrin product 156 and 170mg of the other cyanohydrin 
product 156 (26% yield). The products were dissolved in THF and treated with 2M 
lithium hydroxide solution to give 447mg of the ß-ketoester 155 (59% yield)
IR (CHCI3) cm-1: 2950 (s), 2930 (s), C-H st; 1740 (s), C=0 (ester) str; 1710 (s),
C=0 (ketone) str; 1460 (s), 1360 (m), C-H def; 1255 (s), 1145 (s), 1100 (s) C-O str; 
1040 (s), 835 (s).
1HNM R(XL3)6: 0.06 (s, 3H, SiCH3), 0.07 (s, 3H, SiCH3), 0.90 (t, 3H,
3/3',2'=7.6Hz, (H3’)3), 0.91 (s, 9H, 1"-(CH3)3), 1.40-2.60 (m, 16H), 1.71 (s, 3H, 
7-CH3), 3.11 (d, 1H, 3/ iß , i0 a a = 12.0Hz, HIß), 3.20 (d, 1H, 2J  =9.6Hz, 8a-CH2), 
3.34 (s, 3H, OCH3), 3.53 (d, 1H, 2J  =9.6Hz, 8a-CH), 3.74 (s, 3H, C 02CH3), 3.75- 
3.90 (m, 1H, H I’), 4.58 (s, 1H, OCH20), 4.88 (s(br), 1H, H8).
MS (m/z) : 491 (M+ - OCH3, 0.4%), 465 (1.6), 447 (2.5), 315 (13.1), 173 (32.9), 147 
(12.7), 117 (13.5), 105 (12.7), 89 (11.1), 84 (15.8), 75 (41.2), 73 (67.3), 59 (15.6), 
57 (15.4), 55 (15.0), 45 (100).
Methyl 2 a - C y a n o - 3 , 4 , 4 a ß , 4 b a , 5 a , 6 , 8 a , 9 , 1 0 , 1 0 a c x - d e c a h y d r o -  
5 ß - ( l ,-(dimethyl-(l",l"-dimethylethyl)silyIoxy)propanyl)-2ß-hydroxy- 
8aa-methoxymethoxymethyl-7-methyl-phenanthrene-la(2//)-carboxyIate 
(156).
IR (CHC13) cm-1: 3350 (br), O-H str; 2950 (s), 2930 (s), C-H st; 1735 (s), C=0 (ester) 
str; 1460 (s), 1435 (m), 1380 (m), 1360 (m), C-H def; 1255 (s), 1150 (s), 1100 (s) C O  
str; 1040 (s), 835 (s).
13C NMR (XL2) 5 : -4.5 (q, SiCH3), -4.0 (q, SiCH3), 5.9 (q, C3’), 18.1 (s, Cl"),
23.4 (q, 7-CH3), 25.9 (q, 1"-(CH3)3), 26.5 (t, C2’), 27.0 (t, C4), 28.9 (t, C6), 31.0 (t, 
C9), 34.6 (t, CIO), 37.6 (d, C4a), 38.8 (t, C3), 39.1 (d, C4b), 39.2 (d, C5), 41.7 (d, 
ClOa), 43.0 (s, C8a), 52.1 (d, Cl), 55.2 (q, OCH3), 59.2 (q, C 02CH3), 70.9 (s, C2),
74.5 (t, 8a-CH2), 74.8 (d, C l’), 96.4 (t, OCH20), 119.7 (s, 2-CN), 125.8 (d, C8), 
137.6 (s, C7), 171.9 (s, 1-CO).
!H NMR (FX2) 5 : 0.06 (s, 6H, Si(CH3)2), 0.89 (t, 3H, 373->2-=7.6Hz, (H3’)3), 0.90 
(s, 9H, 1m-(CH3)3), 1.00-2.30 (m, 16H), 1.67 (s, 3H, 7-CH3), 2.30 (d, 1H, 
3/lß,10aa=11.2Hz, HIß), 3.17 (d, 1H, 2J  =9.8Hz, 8a-CH2), 3.34 (s, 3H, OCH3), 3.51
- 167-
(d, 1H, 2J  =9.8Hz, 8a-CH), 3.79 (s, 3H, CO2CH3), 3.75-3.90 (m, 1H, H I’), 4.58 (s, 
1H, 0C H 20 ), 4.83 (s(br), 1H, H8).
Methyl 3 , 4 ,4 a ß ,4 b a , 5 a ,6 ,8 a ,9 ,1 0 ,1 0 a o c - D e c a h y d r o - l ß ,7 - d i m e t h y l -  
5 ß - ( l ,- (d im e th y l - ( l" , lM-dimethylethyl)silyloxy)propanyl)-  
8aa-methoxymethoxymethyI-2-oxophenanthrene-la(2//)-carboxyIate 
(157) .
OTBS OTBS
MOMOMOMO
CO,CH
A mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with ß-ketoester 155 (410mg, 
0.79mmol) and dry THF (5mL). NaH (freshly washed with pentane) (19mg, 0.79mmol) 
was added and the mixture stirred for 5min. Mel (167mg, 1.18mmol) was added and the 
reaction stirred for 16h at room temperature. Water (5mL) was added carefully and the 
resulting aqueous mixture extracted three times with ethyl acetate (20mL). The combined 
organic layers were washed with water (lOmL) and brine (lOmL), dried over magnesium 
sulfate and concentrated in vacuo. The crude reaction mixture was purified by column 
chromatography to give 341 mg of the mono-alkylated ß-ketoester 157 (81% yield).
IR (CHC13) cm*1: 2950 (s), 2930 (s), C-H st; 1735 (s), C =0 (ester) str; 1710 (s), C =0 
(ketone) str; 1460 (s), 1380 (m), C-H def; 1255 (s), 1150 (m), 1100 (m) C-O str; 1040 
(s), 835 (s).
13C NMR (VXR3) 5 : -4.7 (q, SiCH3), -4.2 (q, SiCH3), 5.7 (q, C3’), 15.3 (q, 
1-CH3), 17.9 (s, C l"), 23.2 (q, 7-CH3), 23.5 (t, C2'), 25.7 (q, 1"-(CH3)3), 26.2 (t, 
CIO), 31.2 (t, C6), 31.8 (d, C4a), 32.0 (t, C9), 34.6 (t, C4), 37.3 (t, C3), 39.1 (d, 
C4b), 39.6 (d, C5), 42.7 (s, C8a), 47.3 (d, ClOa), 51.8 (q, C 0 2C H 3), 55.0 (q, 
O COCH 3), 62.0 (s, C l), 74.4 (t, 8a-CH2), 74.7 (d, C l’), 96.4 (t, OCH20 ), 125.8 (d, 
C8), 137.3 (s, Cl),  173.0 (s, 1-CO), 209.5 (s, C2).
NMR (VXR3) 5 : 0.06 (s, 3H, SiCH3), 0.08 (s, 3H, SiCH3), 0.86 (t, 3H, 
3/ 3-,2'=7.6Hz, (H3')3), 0.91 (s, 9H, 1"-(CH3)3), 0.95-2.25 (m, 14H), 1.27 (s, 3H, 
1-CH3), 1.71 (s, 3H, 7-CH3), 2.25-2.40 (m, 1H, H 3a), 2.51 (ddd, 1H, 2J  =14.0Hz,
- 168-
2^ 3ß,4a-14.0Hz, 2/3ß)4ß=6.0Hz, H3ß), 3.19 (d, 1H, 2J  =9.9Hz, 8a-CH), 3.34 (s, 3H, 
OCH3), 3.52 (m, 1H, 2/  =9.9Hz, 8a-CH), 3.74 (s, 3H, CO2CH3), 3.80-3.90 (m, 1H, 
H l’), 4.58 (s, 2H, OCH2O), 4.86 (s(br), 1H, H8).
MS (m/z) : 479 (M+ - C4H9, 1.35%), 329 (13.7), 173 (54.1), 147 (16.4), 117 (17.2), 
115 (12.2), 105 (15.0), 89 (12.7), 75 (43.0), 73 (84.7), 59 (17.8), 55 (15.2), 45 (100).
- 169-
CHAPTER 5
Methyl 7-Methoxy-10aa-methoxymethyl-2-methyl-4aoc,9,10,10a-
tetrahydrophenanthrene-4ß,(3//)-carboxyIate (158).
KOH, DMSO
H,CO
A lOOmL flask was charged with hydroxy ester 101 (2.10g, 6.6mmol) and DMSO 
(40mL). freshly powdered potassium hydoxide (1.49g, 26.7mmol) was added followed 
rapidly by methyl iodide (1.89g, 13.3mmol). The resulting suspension was stirred until 
TLC analysis showed the reaction was about 95% complete (approx 90min). Water 
(40mL) was added and the resulting aqueous solution was extracted three times with ethyl 
acetate (75mL). The combined organic layers were washed three times with water 
(40mL) and brine (40mL), dried over magnesium sulfate and concentrated in vacuo. The 
crude product was purified by column chromatography to give 1.9 lg  of the ester 158 
(87% yield).
IR (CHCI3) cm-1: 3000 (m), 2930 (m), C-H st; 1730 (s), C =0 st; 1610 (m), Ar C=C st; 
1500 (s), Ar C=C st; 1435 (m), C-H def; 1380 (m), C-O st.
13C NMR (FX2) 5 : 23.3 (q, 2-CH3), 26.5 (t, C9), 27.9 (t, C3), 30.5 (t, CIO), 39.1 
(d, C4a), 41.2 (s, ClOa), 42.3 (d, C4), 51.2 (q, C 0 2CH 3), 54.7 (q, 7-OCH3), 59.2 (q, 
O C H 3), 80.4 (t, 10a-CH2), 111.6 (d, C6), 113.2 (d, C8), 125.8 (d, C l), 128.0 (s, 
C4b), 128.4 (d, C5), 135.7 (s, C2), 139.7 (s, C8a), 157.0 (s, C7), 175.8 (s, 4-CO).
!H NMR (XL3) 5 : 1.62 (ddd, 1H, 2J =13.1Hz, 3/ 10a,9a=4.4Hz, 3/i0a,9ß=4.4H z,
H lO a ) , 1.66 (s, 3H, 2-CH3), 1.75 (ddd, 1H, 2J =13.1Hz, 3/ 10ß,9 a = 11 -4H z, 
3A0ß,9ß=4.4Hz, HlOP), 1.83-2.03 (m, 2H, (H3)2), 2.48 (ddd, 1H, 2J =16.4Hz, 
3^9 ß,10a = 4 .4 H z , 3/ 9ß , i 0ß= 4 .4H z, H 9 ß ), 2.77 (ddd, 1H, 2J =16.4H z,
3/9 a ,1 0 ß  = H .4H z, V 9a,10a=4.4H z, H 9 a ) , 3.17 (ddd, 1H, 3/ 4 a ,3ß = 8 .6 H z , 
3^ 4a,3a=5.0Hz, 3y4a ,4aa=2.8Hz, H 4a), 3.28 (d, 1H, 2J =9.5Hz, 10a-CH), 3.38 (s, 
3H, -OCH3), 3.39 (d, 1H, 2J =9.5Hz, 10a-CH), 3.57 (d, 1H, 3/ 4aa,4a=2.8Hz, H 4aa), 
3.75 (s, 6H, C 0 2CH3 and 7-OCH3), 5.05 (s(br), 1H, H l), 6.56 (d, 1H, 4/ 8)6=2.8Hz, 
H8), 6.64 (dd, 1H, 3/ 6j5=8.6Hz, 4y6>8=2.8Hz, H6), 6.82 (d, 1H, 3/ 5,6=8.6Hz, H5).
-no-
MS (m/z) : 330 (M+, 26.1%), 298 (10.4), 285 (100), 253 (27.4), 225 (21.1), 85
(42.4), 83 (65.9).
HRMS : C2oH2604+ (M+) requires 330.1831 found 330.1831.
Methyl 7-Methoxy-10aa-inethoxymethyl-2-methyl-4aa,9,10,10a- 
tetrahydrophenanthrene-4a,(3J/)-carboxylate (159).
KOH, DMSO
A 50mL flask was charged with hydroxy ester 101 (805mg, 2.60mmol) and DMSO 
(15mL). freshly powdered potassium hydoxide (572mg, 10.2mmol) was added 
followed rapidly by methyl iodide (724mg, 5.1mmol) and the resulting suspension was 
stirred for 18hr. Water (20mL) was added and the resulting aqueous suspension was 
extracted three times with ethyl acetate (40mL). The combined organic layers were 
washed three times with water (20mL) and brine (20mL), dried over magnesium sulfate 
and concentrated in vacuo. The crude product was purified by column chromatography 
to give 665mg of the ester 159 (79% yield).
IR (CHC13) cm-1: 3000 (m), 2950 (m), 2930 (m), C-H st; 1725 (s), C=0 st; 1610 (m), 
1500 (s), Ar C=C st; 1435 (m), C-H def; 1260 (m), 1170 (m), 1110 (m), C-O st.
'3C NMR (GM3) 5 : 23.1 (2-CH3), 26.0 (C9) 27.4 (C3), 33.5 (CIO), 38.9 (C4a), 
41.5 (ClOa), 46.2 (C4), 51.2 (C02C H 3), 54.9 (7-OCH3), 59.3 (-OCH3), 77.1 
(10a-CH2), 111.8 (d, C6), 113.4 (C8), 128.2 (Cl), 129.0 (C4b), 131.1 (C5 and C2), 
136.9 (C8a), 158.3 (C7), 176.6 (4-CO).
*H NMR (GM3) 5 : 1.60-1.85 (m, 2H, (H10)2), 1.70 (s, 3H, 2-CH3), 2.04 (dd, 1H,
2/ =17.6Hz, 373ß,4ß=4.9Hz, H3ß), 2.50 (dd, 1H, 2./ =17.6Hz, 3/3a,4ß=9.9Hz, H3a), 
2.55-2.88 (m, 4H, H4ß, (H9)2 and H4aa), 3.02 (d, 1H, V  =9.0Hz, 10a-CH2), 3.22 
(d, 1H, 2J =9.0Hz, 10a-CH2), 3.25 (s, 3H, -OCH3), 3.49 (s, 3H, -C02CH3), 3.76 (s, 
3H, 7-OCH3), 5.50 (s(br), 1H, HI), 6.62-6.65 (m, 2H, H6 and H8), 6.94 (d, 1H, 
3/5>6=9.3Hz, H5).
MS (m/z) : 330 (M+, 4.9%), 298 (11.0), 285 (25.2), 225 (97.1), 212 (12.7), 210
(10.9), 165 (11.0), 115 (13.5), 91 (12.3), 77 (12.9), 59 (14.4), 55 (13.5), 45 (100).
- 171-
7-Methoxy-10aa-methoxymethyl-2-methyI-4aa,9,10,10a-  
tetrahydrophenanthrenyl-4ß,(3//)-methanol (160a).
LiAlH4, Et20
A flame-dried 250mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with LLAIH4 (330mg, 8.7mmol) 
and dry diethyl ether (30mL). The vigorously stirred suspension was cooled to 0°C and a 
solution of the ester 158 (1.91 g, 5.8mmol) in dry diethyl ether (40mL) was added 
dropwise over 15 minutes. The reaction mixture was stirred for a further 2 hours and 
then ethyl acetate (lOmL) was added dropwise until no further reaction was observed. 
Brine (30mL) was added dropwise to the solution over 15 minutes and the reaction stirred 
for a further 30 minutes. The solid was filtered off washed once with ethyl acetate 
(40mL) and dissolved in the minimum volume of IN HC1 and extracted twice with ethyl 
acetate (40mL). The combined organic phases were washed with IN  HC1 (30mL), 
saturated sodium bicarbonate solution (30mL), water (20mL) and brine (20mL), dried 
over magnesium sulfate and concentrated in vacuo. The crude product was purified by 
column chromatography to give 1.63g of the alcohol 160a as a pale yellow oil (93% 
yield).
IR (CHCI3) cm*1: 3470 (br), O-H st; 2930 (m), C-H st; 1610 (m), Ar C=C st; 1500 
(s), Ar C=C st.
13C NMR (FX2) 6 : 24.1 (q, 2-CH3), 26.0 (t, C9), 27.9 (t, C3), 31.7 (t, CIO), 38.1 
(s, ClOa), 40.0 (d, C4a), 43.2 (d, C4), 54.9 (q, 7-OCH3), 59.2 (q, -OCH3), 62.6 (t, 
C l'), 78.5 (t, 10a-CH2), 112.4 (d, C6), 112.8 (d, C8), 127.2 (d, C l), 129.5 (s, C4b), 
130.2 (d, C5), 131.5 (s, C2), 137.6 (s, C8a), 157.2 (s, C7).
1H NMR (XL3) 8 : 1.20-1.40 (m, 1H, H10ß), 1.41 (s(br), 1H, OH), 1.74 (s, 3H,
2-CH3), 1.73-1.85 (m, 1H, H10a), 1.90-2.35 (m, 3H, H 4a and (H3)2), 2.45-2.75 (m, 
2H, (H9)2), 2.77 (d, 1H, 3 /4aa>4a =4.1Hz, H 4aa), 3.02 (d, 1H, 2J =8.7Hz, lOa-CH), 
3.24 (d, 1H, 2/  =8.7Hz, 10a-CH), 3.27 (s, 3H, OCH3), 3.45 (dd, 2H, 2J =9.6Hz, 
3 j r j4a=9.6Hz, (H I’)2), 3.78 (s, 3H, 7-OCH3), 5.39 (s(br), 1H, HI),  6.60 (d, 1H, 
4/ 8 ,6=2.9H z, H8), 6.74 (dd, 1H, 3 /6 5=8.6Hz, 476,8=2.9Hz, H8), 6.82 (d, 1H, 
3 /5 6=8.6H z, H5).
- 172-
MS (m/z) : 302 (M+, 6.9%), 257 (100), 239 (28.8), 225 (11.5), 171 (10.4), 147
(34.9), 121 (12.2), 115 (9.8), 8.5 (18.8), 81 (12.4).
7-Methoxy-10aa-methoxymethyl-2-inethyl-4aa,9,10,10a-
tetrahydrophenanthrene-4ß(3f/)-carboxaldehyde (161a).
mol sieves
A flame-dried 150mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with alcohol 160a (1.63g, 5.4 
mmol), dry dichlorometnane (40mL) and freshly regenerated powdered molecular sieves 
(approx 1.5g). Freshly ground PDC (8.12g, 21.6mmol) was added and the reaction 
stirred until the reaction appeared complete from TLC analysis. The reaction mixture was 
diluted with ethyl acetate (40mL) and celite (approx 4g) was added. The resulting slurry 
was filtered through a plug of silica and then the solid washed through three times more 
with ethyl acetate (50mL). The resulting organic solutions were concentrated in vacuo 
and the crude oil chromatagraphed to give 1.26g of the aldehyde 161a (78% yield).
IR (CHC13) cm-1: 2930 (s), C-H st; 1715 (s), C =0 st; 1610 (m), 1500 (s), Ar C=C st; 
1265 (m), 1110 (s) C-O st; 1040 (m), 910 (m)
13C NMR (FX2) o : 23.4 (q, 2-CH3), 25.9 (t, C9) 27.1 (t, C3), 28.1 (t, CIO), 39.1 (d, 
C4a and s, ClOa), 52.2 (d, C4), 54.8 (q, 7-OCH3), 59.1 (q, OCH3), 78.3 (t, 10a-CH2), 
112.5 (d, C6), 113.1 (d, C8), 126.8 (d, C l), 127.6 (s, C4b), 129.7 (d, C5), 132.6 (s, 
C2), 137.8 (s, C8a), 157.6 (s, Cl), 203.7 (d, 4-CHO).
1H NMR (XL3) 5 : 1.16-1.56 (m, 1H, H10ß), 1.70-90 (m, 1H, H 10a), 1.74 (s, 3H,
2-CH3), 2.11 (dd, 1H, 2J =17.5Hz, 3/ 3ß,4a=5.2Hz, H3ß), 2.27 (dd, 1H, 2J =17.5Hz,
3^ 3a,4a=4.4Hz, H 3a), 2.74-2.84 (m, 2H, (H9)2), 2.92-3.02 (m, 1H, H 4a), 3.14 (d, 
1H, 2J =8.9Hz, 10a-CH2), 3.29-3.38 (m, 2H, 10a-CH2 and H 4aa), 3.31 (s, 3H,
OCH3), 3.78 (s, 3H, 7-OCH3), 5.26 (s(br), 1H, H I), 6.62 (d, 1H, 4/ 8,6=2.8Hz, H8), 
6.75 (dd, 1H, 3y6 5=9.1Hz, 476>8=2.8Hz, H6), 7.09 (d, 1H, 3/ 5 6=8.6Hz, H5), 9.66 
(s, 1H, 4-CHO).
- 173-
MS (m/z) : 300 (M+, 31.5%), 268 (10.8), 255 (75.3), 237 (19.5), 227 (29.8), 225
(43.6), 211 (37.8), 199 (15.5), 179 (11.6), 173 (18.9), 171 (41.9), 165 (19.5), 159
(16.4) , 152 (11.9), 147 (32.5), 135 (12.4), 128 (15.7), 121 (16.7), 119 (23.4), 105
(10.4) , 97 (10.8), 91 (18.5), 81 (14.2), 77 (16.5), 69 (10.0), 55 (15.2), 51 (10.2), 45
( 100).
7-Methoxy-10aa-methoxymethyl-2-methyI-4aa,9,10,10a-
tetrahydrophenanthrene-4a(3//)-carboxaldehyde (161b).
2. PDC, CH2C12 
mol sieves
161b
The ester 159 (665mg, 2.02mmol) was reduced with UAIH4 (115mg, 3.02mmol) and 
the resulting alcohol 160b was immediately oxidised with freshly ground PDC (3.04g, 
8.08mmol) to the to give 418mg of the aldehyde 161b (as according to the last two 
reactions) (69% yield from the ester).
IR (CHCI3) cm-1: 3000 (m), 2950 (s), C-H st; 1720 (s), C=0 st; 1610 (m), 1500 (s), 
Ar C=C st; 1260 (m), 1235 (m), 1110 (m), C-O st; 1040 (m).
13C NMR (GM3) 8 : 23.3 (2-CH3), 26.0 (C9) 28.4 (C3), 28.5 (CIO), 39.1 (ClOa), 
39.6 (C4a), 52.0 (C4), 55.0 (7-OCH3), 59.3 (-OCH3), 77.6 (10a-CH2), 112.1 (d, C6), 
113.9 (C8), 128.2 (Cl), 128.6 (C4b), 131.3 (C5), 131.8 (C2), 136.2 (C6a), 158.2 
(C7), 205 (4-CHO(Cl')).
'H  NMR (GM3) 5 : 1.60-1.90 (m, 3H, (H10)2 and H3ß), 1.74 (s, 3H, 2-CH3), 2.34
(dd, 1H, 2J  =17.6Hz, 3/ 3a,4ß=8.8Hz, H3a), 2.55-2.90 (m, H, HIß, and (H9)2), 3.07 
(d, 1H, 2J  =9.0Hz, 10a-CH2), 3.12 (d, 1H, 374aa,4ß=9.4Hz, H4aa), 3.19 (d, 1H, 
=9.0Hz, 10a-CH2), 3.26 (s, 3H, -OCH3), 3.76 (s, 3H, 7-OCH3), 5.40 (s(br), 1H, HI), 
6.63 (d, 1H, 4 /8>6=2.6Hz, H8), 6.68 (dd, 1H, 3/ 6,5=8.3Hz, 4y6 8=2.6Hz, H6), 6.93 
(d, 1H, 37 5j6=8.3H z, H5), 9.71 (d, 1H, 37i >4ß=3.1Hz, HI').
- 174-
l - (4 'ß-(7 ,-Methoxy-10a'a-methoxymethyI-2,-methyl-  
4a ,a , 9 ’,10,,10a'-tetrahydrophenanthrenyl)-l-propanone (162b).
O
H,CO
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with aldehyde 161a (322mg, 
1.07mmol) and dry diethyl ether (5mL). The stirred solution was cooled to 0°C and 1M 
ethyl magnesium bromide in diethyl ether was added dropwise until TLC analysis 
showed the reaction to be complete, iced water (lOmL) was added carefully followed by 
ethyl acetate (15mL). IM HC1 was added until all the precipetate was dissolved and the 
aqueous phase extracted twice more with ethyl acetate (15mL). The combined organic 
layers were washed with IM HC1 (5mL), water (lOmL), saturated sodium bicarbonate 
solution (lOmL) and brine (lOmL), dried over magnesium sulphate and concentrated in 
vacuo. The crude mixture of diastereomers was used in the next step without 
purification.
A 25mL flask fitted with a magnetic stirrer was charged with the crude alcohol in acetone 
(5mL). The solution was cooled to 0°C and Jones reagent added dropwise until TLC 
analysis showed the complete consumption of starting material. i-Propyl alcohol (2mL) 
was added to quench any excess oxidising reagent and the acetone removed under 
vacuum. Water (lOmL) was added.and the reaction extracted three times with ethyl 
acetate (lOmL) The combined organic layers were washed with water (lOmL), saturated 
sodium bicarbonate solution (lOmL) and brine (lOmL), dried over magnesium sulfate and 
concentrated in vacuo to give a pale brown oil. The crude product was purified by 
column chromatography to give 288mg of the ketone 162a (82% yield from the 
aldehyde)
IR (CHC13) cm-1: 2930 (s), C-H st; 1700 (s), C =0 st; 1610 (m), 1500 (s), Ar C=C st; 
1280 (m), 1105 (s) C-O st; 1040 (m), 910 (m).
13C NMR (FX2) 5 : 8.1 (q, C3), 23.4 (q, 2’-CH3), 26.6 (t, C9’), 27.9 (t, C3'), 30.4 
(t, CIO’), 33.8 (t, C2), 39.4 (d, C4a’), 41.4 (s, C10a’), 49.8 (d, C4'), 54.8 (q, 
7 '-O CH 3), 59.3 (q, OCH3), 80.2 (t, 10a'-CH2), 111.6 (d, C6’), 113.5 (d, C8'), 125.3 
(d, C l'), 128.0 (s, C4b'), 128.6 (d, C5'), 136.0 (s, C2'), 139.5 (s, C8a'), 157.6 (s, 
C7'), 214.3 (s, C l).
- 175-
*H NMR (XL3) § : 1.1 l(t, 3H, 3./3,2=7.0Hz, (H3)3), 1.51-1.65 (m, 1H, HIO'ß), 1.64 
(s, 3H, 2'-CH3), 1.75-90 (m, 1H, HlO’a), 1.92 (d, 2H, 3y3',4'a=6.9Hz, (H3’)2), 2.30- 
2.90 (m, 4H, (H9')2 and (H2)2), 3.11 (dt, 1H, 3/ 4'a ,3=6.9Hz, 374'a ,4a'a=2.8Hz, 
H 4 'a), 3.24 (d, 1H, 2J =9.3Hz, 10a’-CH2), 3.38 (s, 3H, OCH3), 3.44 (d, 1H, 
2 / =9.3Hz, 10a’-CH2), 3.64 (d, 1H, 3J4a'a ,4'a=2.8Hz, H4a'a), 3.74 (s, 3H, 
7'-OCH3), 5.04 (s(br), 1H, H I’), 6.55-6.66 (d, 2H, H6’ and H8'), 7.09 (d, 1H, 
375',6'=8.7Hz, H5').
MS (m/z) : 328 (M+, 6.7%), 283 (22.6), 225 (23.2), 211 (14.6), 171 (10.0), 57 (100).
HRMS : C2iH2803+ (M+) requires 328.2038 found 328.2039.
l - (4 ,a - (7 ,-Methoxy-10a,a-methoxymethyl-2,-methyl- 
4a,a,9',10,,10a,-tetrahydrophenanthrenyl)-l-propanone (162b).
o
161b 162b
The aldehyde 161b (110mg, 0.37mmol) was treated with ethyl magnesium bromide to 
give the diastereomeric alcohols This mixture was immediately oxidised with Jones's 
reagent to give 81 mg of the ketone 162b (as above) (67% yield from the aldehyde)
IR (CHC13) cm-1: 2930 (s), C-H st; 1710 (s), C=0 st; 1610 (m), 1500 (s), Ar O C  st; 
1265 (m), 1110 (s) C-O st; 1040 (m).
13C NMR (XL2) 8 : 7.0 (q, C3), 23.3 (q, 2’-CH3), 26.2 (t, C9’) 27.7, (t, C3'), 33.2 
(t, CIO’), 38.7 (t, C2), 39.3 (s, C10a'), 42.3 (d, C4a'), 50.9 (d, C4'), 55.0 (q, 
7'-OCH3), 59.3 (q, -OCH3), 77.0 (t, 10a'-CH2), 111.5 (d, C6'), 113.4 (d, C8’), 127.9 
(d, Cl'), 128.7 (s, C4b'), 131.5 (d, C5'), 136.7 (s, C2' and C8a'), 157.9 (s, C7'), 
215.9 (s, Cl).
!H NMR (FX2) 8 : 0.78 (t, 3H, V 3>2=7.0Hz, (H3)2), 1.40-2.20 (m, 5H), 1.71 (s, 
3H, 2'-CH3), 2.42 (dd, 1H, V  =16.3Hz, 373'aj4 ß=10.1Hz, H3'a), 2.50-3.10 (m, 3H), 
2.78 (d, 1H, 3y4a'a ,4’ß=l 1.2Hz, H4a’a), 2.98 (d, 1H, 2J  =8.7Hz, 10a'-CH2), 3.19 (d,
- 176-
1H, 2J =8.7Hz, 10a'-CH2), 3.23 (s, 3H, -OCH3), 3.74 (s, 3H, 7'-OCH3), 5.49 (s(br), 
1H, H I’), 6.50-6.70 (d, 2H, H6’ and H8’), 6.79 (d, 1H, 3/5- 6.=8.4Hz, H5').
MS (m/z) : 328 (M+, 3.4%), 283 (6.7), 239 (10.1), 225 (19.7), 211 (5.5), 147 (3.2), 
85 (6.2), 73 (5.7), 57 (100).
5,5-Dimethyl-2-(4'ß(3,//)-(7'-methoxy-10a,a-methoxyinethyl-2'-methyl- 
4a,a,9',10,,10a,-tetrahydrophenanthrenyl)-l,3-dioxane (164a).
TMSO OTMS 
163
TMSOTf, CH2C12
H.CO
164a
A flame-dried 50mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with aldehyde 161a (820mg, 
2.7mmol), dry dichloromethane (lOmL) and l,3-bis(trimethylsilyloxy)-2,2- 
dimethylpropane (163) (1.36g, 5.5mmol). The solution was cooled to -78°C and and a 
catalytic amount of TMSOTf (5|iL) added. The mixture was stirred at this temperature 
for 2 hours and then warmed to room temperature for 18h. Dry pyridine (5mL) was 
added to the dark brown solution and stirred for a further 10min. Water (lOmL) was 
added and the resulting aqueous phase was extracted twice more with dichloromethane 
(20mL). The combined organic layers were washed with IM HC1 (lOmL) and water 
(lOmL), dried over sodium sulfate and concentrated in vacuo. The crude product mixture 
was purified by column chromatography to give 876mg of the dioxane 164a (83% 
yield).
I3C NMR (GEM3) § : 21.6 (5'-CH3(eq)), 22.9 (5'-CH3(ax)) 23.4 (2-CH3), 26.9 (C9) 
27.9 (C3), 30.0 (CIO), 30.7 (C5’), 37.0 (C4a), 41.0 (ClOa), 42.5 (C4), 54.9 
(7-OCH3), 59.4 (-OCH3), 76.7 (C6’), 77.2 (C4'), 80.8 (10a-CH2), 103.4 (C21), 111.6 
(C6), 113.2 (C8), 126.5 (Cl), 129.4 (C4b), 130.8 (C5), 136.6 (C2), 141.0 (C8a), 
157.6 (s, C7).
'H NMR (GEM3) 5 : 0.74 (s, 3H, 5'-CH3(eq)), 1.27 (s, 3H, 5’-CH3(ax)), 1.50-1.80 
(m, 3H, (H10)2 and H3ß), 1.74 (s, 3H, 2-CH3), 1.86 (dd, 1H, 2J =16.9Hz, 
V 3a,4a=4.0Hz, H3a), 2.25-2.45 (m, 2H, H4 and H9ß), 2.79 (ddd, 1H,2/  =15.8Hz, 
V9a,l0ß=11.3Hz, 3./9a,IOa=4.4Hz, H9a), 3.26 (d, 1H, 2J  =9.1Hz, 10a-CH2), 3.30 (d,
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1H, 3/4aot,4a=3.4Hz, H4aa), 3.35 (s, 3H, -OCH3), 3.37 (d, 1H, 2J  =9.1Hz, 
10a-CH2), 3.39 (d, 1H, 2J  = 11.0Hz, H6'(ax)), 3.47 (d, 1H, 2J  = 10.7Hz, H4'(ax)), 
3.62 (dd, 1H, 2J  =11.0Hz, 4/ 6'(eq),4'(eq)=2.8Hz, H6’(eq)), 3.68 (dd, 1H, 2J  =10.7Hz, 
V 6'(eq),4'(eq)=2.8Hz, H4’(eq)), 3.76 (s, 3H, 7-OCH3), 4.32 (d, 1H, 3 /2\4a=7.4H z, 
H2’), 5.03 (s(br), 1H, H I), 6.57 (d, 1H, 47 8,6=2.7H z, H8), 6.68 (dd, 
lH ,3 /6 5=8.7Hz, 4/ 6,8=2.7Hz, H6), 7.11 (d, 1H, 3y5,6=8.7Hz, H5).
5,5-Dimethyl-2-(4’a (3 ,i / ) - (7 ,-methoxy-10a,a-methoxymethyl-2,-methyl- 
4a,a ,9 ,,10,,10a,-tetrahydrophenanthrenyl)-l,3-dioxane (164b).
TMSO OTMS 
163
TMSOTf, CH2C12 
OCH3
161b 164b
The aldehyde 161b (418mg, 1.39mmol) was treated with l,3-&/s(trimethylsilyloxy)-2,2- 
dimethylpropane (163) and a catalytic amount of TMSOTf to give 392mg of the dioxane 
164b (73% yield).
IR (CHCI3) cm-1; 3000 (m), 2960 (s), C-H st; 1610 (m), 1500 (s), Ar C=C st; 1465 
(m), C-H def; 1260 (m), 1235 (m), 1130, 1110 (m), C-O st; 1010 (m), 910 (m).
13C NMR (GEM3) 6 : 21.5 (5-CH3(eq)), 22.8 (5-CH3(ax)) 23.5 (2’-CH3), 26.2 (C9’) 
27.3 (C3’), 28.8 (CIO’), 30.0 (C5), 39.4 (C4a’), 40.0 (C10a’), 41.1 (C4’), 55.0 
(7’-OCH3), 59.4 (-OCH3), 76.5 (C6), 77.1 (C4), 77.8 (10a’-CH2), 102.0 (C2), 111.5 
(C6’), 113.2 (C8’), 127.8 (C l’), 129.3 (C4b’), 132.4 (C51), 132.3 (C2’), 137.7 
(C8a'), 158.1 (C7’).
!H NMR (GEM3) 6 : 0.69 (s, 3H, 5-CH3(eq)), 1.20 (s, 3H, 5-CH3(ax)), 1.60-1.80 
(m, 2H, (H10’)2), 1.73 (s, 3H, 2’-CH3), 1.99 (dddd, 1H, 3/ 4’ß,3’a= 11 -4Hz, 
3-/4'ß,4'aß= 11.4Hz, 3/ 4'ß,3’ß=5.0Hz, 3/ 4’ß,2=2.3Hz, H4’ß), 2.12 (dd, 1H, 2J  =18.0Hz, 
3^ 3’ß,4’ß=5.0Hz, H3'ß), 2.34 (dd, 1H, 2J  =18.0Hz, 3/3 ’a,4'ß=l 1.4Hz, H3'a), 2.57- 
2.73 (m, 1H, H9'a), 2.63 (d, 1H, 3y4a'a,4’ß=l 1.4Hz, H4a'a), 2.80 (ddd, 1H, 2J  
= 17.6Hz, 379'ß ,i0’=6.0Hz, 3y9’P>io’=4.0Hz, H9'ß), 2.96 (d, 1H, 2J  =8.9Hz, 
10a'-CH2), 3.16 (d, 1H, 2J  =8.9Hz, 10a'-CH2), 3.22 (s, 3H, -OCH3), 3.27 (d, 1H, 2J  
=10.9Hz, H6(ax)), 3.37 (d, 1H, 2J  =10.9Hz, H4(ax)), 3.51 (dd, 1H, 2J  =10.9Hz, 
476(eq),4(eq)=2.8Hz, H6(eq)), 3.68 (dd, 1H, 2J  =10.9Hz, 4/6(eq),4(eq)=2.8Hz, H4(eq)),
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3.80 (s, 3H, T-OCH3), 4.14 (d, 1H, 3/ 2,4'ß=2.3Hz, H2), 5.47 (s(br), 1H, H I'), 6.64 
(d, 1H, 4/ 8\6’=2.7Hz, H 8'), 6.69 (dd, 1H 3/ 6-f5-=8.4Hz, 4/6 ’,5’=2.7Hz, H6'), 7.09 (d, 
1H, 375',6'=8.4Hz, H5').
5,5-Dimethyl-2-(4,ß(3'i / ) -(7 ,-methoxy-10a'a-methoxymethyl-2,-methyl-  
4 a ,a , 5 ,, 6 \ 7 ,,8 ,,9 ',10,,10a ,-octahydro-7-oxophenanthrenyl)-1,3-dioxane 
(166a)* .
THF, t-BuOH
H,CO
164a
A flame dried 250mL three necked round bottom flask fitted with a magnetic stirrer, a dry 
ice condenser and a rubber septum under a positive pressure of dry nitrogen was charged 
with a solution of dioxane 164a (876mg, 2.27mmol) in dry THF (5mL) and t-BuOH 
(5mL). Ammonia (lOOmL) was distilled into the flask from sodium amide and small 
pieces of freshly cleaned lithium wire were added until a blue colour persisted. After 45 
minutes, isoprene was added dropwise until the blue colour dispersed and the ammonia 
boiled off under a stream of dry nitrogen. Saturated ammonium chloride solution (lOmL) 
and ethyl acetate (15mL) were added and the mixture stirred for a further 5min. Water 
(lOmL) was added and the aqueous phase was extracted twice more with ethyl acetate 
(15mL). The combined organic layers were washed with water (lOmL) and brine 
(lOmL), dried over magnesium sulphate and concentrated in vacuo. The crude mixture 
was used in the next reaction without further purification.
A 50mL flask fitted with a magnetic stirrer was charged with the crude enol ether 165a, 
THF (lOmL) and water (5mL). Oxalic acid (862mg, 6.81 mmol) was added and the 
resulting solution allowed to stir for 18h. The THF was removed under vacuum and 
saturated sodium bicarbonate solution (lOmL) and ethyl acetate (15mL) were added. The 
aqueous phase was extracted twice more with ethyl acetate (20mL) and the combined 
organic layers were washed with water (lOmL) and brine (lOmL), dried over magnesium 
sulphate and concentrated in vacuo. The crude product was purified by column 
chromatography to give 645mg of the ß,yenone 166a (76% yield).
* Due to the lack of success of the next reaction using the epimerised dioxane 166b this compound was 
not characterised. However it could be formed from the corresponding aromatic compound using this 
sequence of reactions.
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IR (CHCI3) c n r1: 2960 (s), 2920 (s), C-H st; 1710 (s), C =0 st; 1400 (m),
C-H def; 1100 (s), C-O st; 1020 (m).
!3C NMR (FX2) 6 : 21.6 (q, 5-CH3(eq)), 22.8 (q, 5-CH3(ax)) 23.5 (q, 2'-CH3), 27.0 
(t, C9'), 27.8 (t, C3'), 28.4 (t, CIO’), 29.5 (t, C5’) 29.8 (s, C5), 38.9 (t, C6'), 39.3 (d, 
C4'), 40.1 (d, C4a'), 44.8 (t, C8' and s, ClOa’), 59.2 (q, -OCH3), 76.7 (t, C6), 76.9 (t, 
C4), 79.2 (t, 10a’-CH2), 102.5 (d, C2), 126.1 (d, C l'), 127.3 (s, C4b’), 129.3 (s, 
C8a'), 133.6 (s, C2’), 211.3 (s, C7').
!H NMR (FX2) 6 : 0.69 (s, 3H, 5-CH3(eq)), 1.16 (s, 3H, 5-CH3(ax)), 1.40-2.15 (m, 
7H), 1.72 (s, 3H, 2'-CH3), 2.15-2.65 (m, 5H), 2.77 (s(br), 2H, (H8')2), 3.08 (d, 1H, 
2J  =9.0Hz, 10a'-CH2), 3.25-3.45 (m, 3H), 3.32 (s, 3H, -OCH3), 3.35-3.61 (m, 4H), 
4.40 (d, 1H, 3/ 2,4’a=6 .2Hz, H2), 5.09 (s(br), 1H, H I’).
MS (m/z) : 374 (M+, 5.1%), 329 (6.7), 243 (5.15), 225 (14.1), 199 (6.3), 159 (8.8), 
143 (6.8), 115 (100), 105 (6.3), 69 (72.6), 55 (9.9).
HRMS : C23H340 4+ (M+) requires 374.2457 found 374.2459.
5,5-Dimethyl-2-(4,ß(3'/ / )-(7 ,-methoxy-10a'a-methoxymethyl-2'-methyl-  
4 a ,a , 4 b ,ß ,5 ,,6 ' ,7 ,,9 ' ,10 ,,10a'-7-oxo-octahydrophenanthrenyI)-  
1,3-dioxane (167).
an. HCl, THF
A flame dried lOOmL two necked round bottom flask fitted with a magnetic stirrer and a 
rubber septum under a positive pressure of dry nitrogen was charged with a solution of 
dioxane 166a (645mg, 1.72mmol) in dry THF (20mL). Anhydrous HC1 gas was 
bubbled into the solution for approximately lOsec and the reaction allowed to stir at room 
temperature. The reaction was followed by TLC analysis and when this showed 
approximately a 1 : 1 mixture of the starting material and conjugated enone (more polar 
and U.V. active by TLC) the reaction was quenched by the careful addition of saturated 
sodium bicarbonate solution (lOmL) and water (lOmL). The THF was removed under
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vacuum and the aqueous phase was extracted three times with ethyl acetate (15mL). The 
combined organic layers were washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo. The crude mixture of isomers was 
separated by column chromatography to give 245mg of the starting material 166a and 
296mg of the conjugated enone 167 (46% yield). The reaction was repeated twice more 
to give a 480mg of the enone 167 (74% total yield).
IR (CHCI3) cm-1: 2960 (s), 2860 (s), C-H st; 1660 (s), C=0 st; 1615 (m), conj. C=C 
st; 1450 (m), C-H def; 1260 (m), 1230 (m), 1100 (s), C-O st; 1020 (m), 970 (m), 910 
(m), 890 (m).
13C NMR (XL3) 8 : 21.6 (q, 5-CH3(eq)), 22.7 (q, 5-CH3(ax)) 23.1 (q, 2'-CH3), 27.6 
(t, C3'), 29.4 (t, CIO’), 29.8 (s, C5), 31.6 (t, C9'), 34.2 (t, C5'), 34.8 (d, C4b’), 36.8 
(t, C6'), 38.7 (d, C4a'), 39.8 (d, C4'), 42.0 (s, C10a'), 59.0 (q, -OCH3), 76.3 (t, C6), 
76.8 (t, C4), 79.7 (t, 10a'-CH2), 103.3 (d, C2), 123.9 (d, C8’), 126.0 (d, Cl'), 135.9 
(s, C2'), 168.9 (s, C8a'), 199.5 (s, C7’).
!H NMR (XL3) 8 : 0.74 (s, 3H, 5-CH3(eq)), 1.19 (s, 3H, 5-CH3(ax)), 1.60-1.86 (m, 
3H), 1.72 (s, 3H, 2'-CH3), 1.88-2.14 (m, 4H), 2.14-2.52 (m, 6H), 3.12 (d, 1H, 2J 
=9.4Hz, 10a’-CH2), 3.32 (s, 3H, -OCH3), 3.35 (d, 1H, 2J =13.3Hz, H6(ax)), 3.35 (d, 
1H, 2J =9.4Hz, 10a'-CH2), 3.44 (d, 1H, 2J =11.2Hz, H4(ax)), 3.58-3.67 (m, 2H, 
H4(eq) and H6(eq)), 4.44 (d, 1H, 3/ 2,4’a=7.0Hz, H2), 5.00 (s(br), 1H, H I’), 5.80 (s, 
1H, H8').
MS (m/z) : 374 (M+, 3.0%), 344 (22.7), 342 (15.6), 329 (13.4), 229 (15.5), 226
(15.4) , 225 (86.3), 213 (17.4), 197 (14.6), 183 (10.2), 115 (69.7), 111 (10.6), 105 
(30.7), 91 (14.4), 85 (63.0), 83 (100), 78 (29.0), 69 (95.6), 67 (10.6), 57 (19.8), 55
(22.5) .
HRMS : C23H340 4+ (M+) requires 374.2457 found 374.2459.
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5,5-Dimethyl-
2 - (4 ,ß (3 ,/ / ) - ( 4 a ,a , 4 b ,ß ,5 ,,6 ,,7 , , 8 ' ß , 8 a a \ 9 , ,1 0 ' ,1 0 a ,-decahydro-  
7'-methoxy-8'a-methoxy carbonyl-lOa'a-methoxy met hyI-2'-methyl- 
7-oxophenanthrenyl)-l,3-dioxane (168).
1. Li, NH3, t-BuOH
2. Isoprene
3. NCC02CH3
H,CO
Ammonia (75mL) was distilled from sodium amide into a flame-dried 250mL three 
necked flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under 
a positive pressure of dry nitrogen. Small pieces of freshly cleaned lithium wire (23mg, 
3.20mmol) were added to the ammonia and the resulting blue solution stirred for 10min. 
A solution of the enone 167 (480mg, 1.28mmol) in dry diethyl ether (lOmL) and 
t-BuOH (85mg, 1.15mmol) was added dropwise over 5min. After a further 15min, 
isoprene was added dropwise until the blue colour dispersed and the ammonia allowed to 
boil off under a stream of nitrogen. The residue was carefully dried under high vacuum 
for 5min after which, the nitrogen atmosphere was re-introduced. The resulting enolate 
was suspended in dry diethyl ether (lOmL) and cooled to -78°C. Methyl cyanoformate 
(136mg, 1.60mmol) was added dropwise and the resulting suspension stirred for a 
further 20min at this temperature and then allowed to warm to 0°C. Water (lOmL) and 
ethyl acetate (lOmL) were added and the mixture stirred until the precipitate was 
completely dissolved. The aqueous phase was extracted twice more with ethyl acetate 
(15mL) and the combined organic layers were washed with water (5mL) and brine 
(5mL), dried over magnesium sulfate and concentrated in vacuo. The crude mixture was 
separated by column chromatography to give 350mg of the required ß-ketoester 168 
(63% yield). A sample was recrystallised from hexane.
M P: 178-182°C
IR (CHCI3) cm-1: 2960 (s), 2930 (s), 2860 (s), C-H st; 1745 (s), C =0 (est) st; 1710 
(s), C =0 (ket) st; 1440 (m), C-H def; 1260 (m), 1100 (s), C-O st; 1020 (m).
13C NMR (FX2) 6 : 21.6 (q, 5-CH3(eq)), 22.8 (q, 5-CH3(ax)) 23.2 (q, 2'-CH3), 28.3 
(t, C3'), 28.3 (t, C9'), 30.0 (s, C5), 31.1 (t, CIO’), 34.5 (t, C5'), 36.6 (d, C4b’), 38.7 
(d, C4a'), 39.8 (d, C4'), 41.0 (t, C6'), 42.5 (s, C10a'), 45.4 (d, C8a'), 51.6 (q,
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C 0 2C H 3), 59.1 (q, -OCH3), 63.8 (d, C8'), 76.5 (t, C6), 77.0 (t, C4), 80.4 (t, 
10a’-CH2), 104.2 (d, C2), 126.7 (d, C l'), 135.7 (s, C2'), 169.0 (s, 8’-CO), 205.3 (s, 
Cl').
1H NMR (VX3) 6 : 0.72 (s, 3H, 5-CH3(eq)), 1.18 (s, 3H, 5-CH3(ax)), 1.06-1.56 (m, 
4H), 1.56-1.98 (m, 5H), 1.70 (s, 3H, 2’-CH3), 2.00-2.52 (m, 5H), 3.07 (d, 1H, 2 / 
=9.2H z, 10a'-CH 2), 3.10 (d, 1H, 3/ 8'ß,8a’a = l  1-6, H 8’ß), 3.35-3.50 (m, 3H, 
10a'-CH2, H6(ax) and H4(ax)), 3.32 (s, 3H, -OCH3), 3.56-3.64 (m, 2H, H4(eq) and 
H6(eq)), 3.73 (s, 3H, C 0 2CH3), 4.44 (d, 1H, 3/ 2,4’a=7.0Hz, H2), 4.92 (s(br), 1H, 
H I ’).
MS (m/z) : 434 (M+, 1.3%), 389 (93.8), 357 (22.1), 285 (23.0), 271 (27.8), 253
(27.5), 241 (14.0), 225 (15.3), 215 (10.3), 115 (95.9), 105 (23.6), 91 (14.3), 69 (100), 
55 (22.9).
HRMS : C25H380 6+ (M+) requires 434.2668 found 434.2668.
5,5-Dimethyl-
2 - (4 ,ß ( 3 ' / / ) - ( 4 a ' a , 4 b ' ß , 5 \ 6 \ 7 ,,8 ,ß , 8 a a ,, 9 , ,1 0 ' ,1 0 a , -decahydro-  
I'jS'ß-dimethyl-T'-methoxy-S'a-methoxycarbonyl-lOa'a-methoxymethyl-  
7-oxophenanthrenyl)-l,3-dioxane (169).
NaH, THF
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with ß-ketoester 168 (350mg, 
0.81mmol) and dry THF (5mL). NaH (freshly washed with pentane) (19mg, 0.81mmol) 
was added and the mixture stirred for 5min. Mel (138mg, 0.98mmol) was added and the 
reaction stirred for 16h at room temperature. Water (4mL) was added carefully and the 
resulting aqueous mixture extracted three times with ethyl acetate (lOmL). The combined 
organic layers were washed with water (5mL) and brine (5mL), dried over magnesium 
sulfate and concentrated in vacuo. The crude reaction mixture was purified by column 
chromatography to give 224mg of the mono-alkylated ß-ketoester 169 (62% yield) and 
56mg of the dialkylated ß-ketoester (15% yield)
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IR (CHCI3) cm-1: 2960 (s), 2930 (s), 2860 (s), C-H st; 1740 (s), C=0 (est) st; 1710 
(s), C=0 (ket) st; 1450 (m), C-H def; 1260 (m), 1100 (s), C-O st; 1020 (m).
!3C NMR (FX2) 6 : 15.5 (8'-CH3), 21.8 (5-CH3(eq)), 23.0 (5-CH3(ax)) 23.3
(2'-CH3), 23.6 (C9'), 28.7 (C3'), 30.2 (C5), 31.2 (CIO1), 31.6 (C5'), 35.0 (C4b'), 
37.7 (C4a’), 39.1 (C4'), 40.2 (C6'), 42.5 (ClOa'), 47.4 (C8a’), 52.1 (C02CH3), 59.3 
(-OCH3), 64.1 (C8'), 76.8 (C6), 77.2 (C4), 80.6 (10a'-CH2), 104.4 (C2), 126.7 (Cl’), 
135.8 (C2'), 173.2 (8'-CO), 210.1 (C7').
1H NMR (FX2) 6 : 0.71 (s, 3H, 5-CH3(eq)), 0.80-2.20 (m, 12H), 1.17 (s, 3H,
5-CH3(ax)), 1.25 (s, 3H, 8’-CH3), 1.69 (s, 3H, 2’-CH3), 2.20-2.60 (m, 2H, (H6’)2), 
3.05 (d, 1H, 2/  =11.6Hz, 10a’-CH2), 3.20-3.50 (m, 3H, 10a'-CH2, H6(ax) and 
H4(ax)), 3.31 (s, 3H, -OCH3), 3.55-3.70 (m, 2H, H4(eq) and H6(eq)), 3.71 (s, 3H, 
C 02CH3), 4.40 (d, 1H, 3/2 4.a=7.1Hz, H2), 4.88 (s(br), 1H, HI).
MS (m/z) : 448 (M+, 0.8%), 403 (73.3), 389 (12.9), 299 (13.3), 267 (12.0), 257
(12.9), 239 (18.2), 227 (14.7), 115 (88.3), 105 (20.6), 97 (12.6), 95 (10.5), 91 (12.2), 
85 (10.1), 83 (12.4), 81 (14.9), 71 (16.5), 69 (100), 57 (31.4), 55 (32.5).
HRMS : C26H40O6+ (M+) requires 448.2825 found 448.2824.
5,5-Dimethyl-
2-(4'ß(3' / / ) - (4a'a ,4b'ß,5' ,6 ' ,7 ' ,8 'ß,8aa' ,9 ,,10 ,,10a'-decahydro-
7'-inethoxy-8'a-methoxycarbonyl-10a'a-methoxymethyl-7-oxo-
2',6'a,8'ß-trimethylphenanthrenyl)-l,3-dioxane.
IR (CHCI3) cm-1: 2960 (s), 2930 (s), 2860 (s), C-H st; 1740 (s), C=0 (est) st; 1710 
(s), C=0 (ket) st; 1450 (m), C-H def; 1100 (s), C-O st; 1020 (m), 995 (m), 910 (m).
'H  NMR (FX2) 8 : 0.73 (s, 3H, 5-CH3(eq)), 0.80-2.20 (m, 12H), 1.00 (d, 3H,
3-/CH3,6'ß=6.5Hz, 6'-CH3), 1.20 (s, 3H, 5-CH3(ax)), 1.27 (s, 3H, 8'-CH3), 1.71 (s,
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3H, 2'-CH3), 2.20-2.60 (m, 1H, H6'), 3.04 (d, 1H, 2J  =9.9Hz, 10a'-CH2), 3.20-3.50 
(m, 3H, 10a'-CH2, H6(ax) and H4(ax)), 3.32 (s, 3H, -OCH3), 3.50-3.70 (m, 2H, 
H4(eq) and H6(eq)), 3.72 (s, 3H, CO2CH3), 4.42 (d, 1H, 3 /2>4a=5.9Hz, H2), 4.89 
(s(br), 1H, H I’).
MS (m/z) : 462 (M+, 3.2%), 417 (45.5), 313 (11.5), 271 (10.1), 253 (15.7), 241
(11.8), 119 (11.5), 115 (80.0), 105 (20.8), 91 (14.4), 83 (10.5), 81 (11.1), 71 (11.3), 
69 (100), 57 (24.6), 55 (27.3).
HRMS : C27H4206+ (M+) requires 462.2981 found 462.2980.
3,4a,4aa,9,10,10a-Hexahydro-7-methoxy-
4ß-(l'-methoxymethoxy propyl)- 10a-methoxymethyl-
2-methylphenanthrene (171).
OH OMOM
A flame dried lOOmL two necked round bottom flask fitted with a magnetic stirrer and a 
rubber septum under a positive pressure of dry nitrogen was charged with a solution of 
the diastereomeric mixture of hydroxy ethers (2.90g, 8.79mmol) and a catalytic amount 
of 4-dimethylaminopyridine (approx 20mg) in dry dichloromethane (35mL) and ethyl 
diisoproylamine (Htinig's base) (5.68g, 43.93mmol). The stirred solution was cooled to 
0°C and chloromethyl methyl ether (2.12g, 26.36mmol) added dropwise over 10 
minutes. The reaction mixture was allowed to warm to room temperature and stirred for a 
further 18h. The reaction was quenched with water (20mL) and the resulting mixture 
stirred for a further 30min. The aqueous phase was extracted twice more with 
dichloromethane (40mL) and the combined organic layers washed with water (25mL), 
dried over sodium sulfate and concentrated in vacuo. The crude yellow oil was 
chromatagraphed to give 620mg of one of the diastereomers of and 2.44g of a mixture of 
the two diastereomers of the protected ether 171 (93% yield)
IR (CHCI3) cm '1: 2940 (m), C-H st; 1610 (m), 1500 (s), Ar C=C st; 1465 (m), C-H 
def; 1270 (s), 1150 (s), 1100 (m), C -0  st.
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13c NMR (VXR3) 8 : 6.5 (C3'), 23.0 (2-CH3), 23.2 (C2'), 26.8 (C9), 29.6 (C3),
30.6 (CIO), 37.2 (C4), 39.6 (ClOa), 41.6 (C4a), 54.5 (7-OCH3), 55.3 (OCOCH3), 
58.5 (OCH3), 79.4 (C l'), 79.5 (10a-CH2), 95.9 (0C H 20 ) , 111.2 (C6), 113.2 (C8), 
125.4 (C l), 129.0 (C4b), 129.5 (C5), 136.9 (C2), 140.2 (C8a), 156.7 (C7).
lH  NMR (VXR3) 8 : 0.96 (t, 3H, 373',2-=7.9Hz, (H3')3), 1.50-1.60 (m, 1H, HlOß), 
1.62 (s, 3H, 2-CH3), 1.70-2.10 (m, 5H, (H3)2, (H2')2 and H lO a), 2.25-2.36 (m, 1H, 
H 4a),.2.47 (ddd, 1H, 2i  =16.2Hz, 3/ 9ß,io=4.5Hz, 3/ 9ß,io=4.2Hz, H9ß), 2.83 (ddd, 
1H, V  =16.2Hz, 3y9a 10p= ll.4H z, 379a,i0a=5.0Hz, H 9a), 3.16 (d, 1H, 2J  =9.2Hz, 
10a-CH2), 3.16-3.18 (m, 1H, H 4aa), 3.32 (s, 3H, OCH3), 3.40 (s, 3H, OCOCH3), 
3.47 (d, 1H, 2/  =9.2H z, 10a-CH2), 3.74 (s, 3H, 7-O CH 3), 3.98 (dt, 1H, 
3/r,4a=10.1H z, 3 / r>2' =3.6Hz, H I'), 4.61 (d, 1H, =6.8Hz, 0 C H 20 ), 4.74 (d, 1H,
2J  =6.8Hz, 0C H 20 ) , 4.96 (s(br), 1H, H I), 6.56 (d, 1H, 4i 8,6=2.7Hz, H8), 6.65 (dd, 
1H, 3y6 5 = 8 .7 H z , 4./6 ,8 = 2 .7 H z , H6), 6.99 (d, 1H, 3y 5 6=8.7Hz, H5).
MS (m/z) : 374 (M+, 6%), 297 (28), 271 (62), 269 (20), 267 (28), 239 (100), 225
(32), 211 (12), 204 (10), 178 (36), 137 (24), 125 (18), 75 (20).
HRMS : C2 3 H 3 4 C>4 + (M+) requires 374.2457 found 374.2459.
5ß-(l'-Methoxymethoxypropyl)-8aa-methoxymethyI-7-methyl-  
3,4,4ba,5a,6 ,8a,9,10-octahydro-2(lf /) -phenanthrenone (172).*
OMOM OMOM
1. Li, NH3, t-BuOH
HoCOH,CO
A flame dried 250mL three necked round bottom flask fitted with a magnetic stirrer, a dry 
ice condenser and a rubber septum under a positive pressure of dry nitrogen was charged 
with a solution of diether 171 (620mg, 1.66mmol) in dry THF (5mL) and t-BuOH 
(5mL). Ammonia (75mL) was distilled into the flask from sodium amide and small 
pieces of freshly cleaned lithium wire were added until a blue colour persisted. After 45 
minutes, isoprene was added dropwise until the blue colour dispersed and the ammonia 
boiled off under a stream of dry nitrogen. Saturated ammonium chloride solution (lOmL)
All spectra in this series are given for the single diastereomer of 171 isolated in the previous reaction. 
The diastereomeric mixture of isomers could also be used in all forthcoming reactions.
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and ethyl acetate (25mL) were added and the mixture stirred for a further 5min. Water 
(lOmL) was added and the aqueous phase was extracted twice more with ethyl acetate 
(25mL), and the combined organic layers washed with water (20mL) and brine (20mL), 
dried over magnesium sulphate and concentrated in vacuo. The crude mixture was used 
in the next reaction without further purification.
A lOOmL flask fitted with a magnetic stirrer was charged with the crude reaction product, 
THF (20mL) and water (lOmL). Oxalic acid (448mg, 4.97mmol) was added and the 
resulting solution allowed to stir for 18h. The THF was removed under vacuum and 
saturated bicarbonate solution (lOmL) added. The aqueous phase was extracted three 
times with ethyl acetate (20mL) and the combined organic layers were washed with water 
(lOmL) and brine (lOmL), dried over magnesium sulphate and concentrated in vacuo. 
The crude product was purified by column chromatography to give 468mg of the 
ß,y-enone 172 (78% yield from the diether).
IR (CHCI3) cm-1: 2930 (m), C-H st; 1715 (s), O O  st; 1450 (m), C-H def; 1150 (m), 
1100 (s), C-O st.
!3C NMR (VXR3) 5 : 6.6 (C3’), 23.3 (C2') 23.6 (7-CH3), 27.0 (CIO and C6), 29.4 
(C9), 30.1 (C4), 37.9 (C4a), 38.7 (C3 and C5), 44.8 (C4b and C l), 55.4 (COCH3), 
58.6 (OCH3), 78.8 (8a-CH2), 78.9 (C l1), 95.9 (0C H 20 ), 124.8 (C8 and C4a), 128.8 
(ClOa and C7), 210.6 (C2).
!H NMR (VXR3) 6 : 0.89 (t, 3H, 3 /3.>2-=7.4Hz, (H3’)3), 1.35-1.45 (m, 1H, H9ß), 
1.55-2.50 (m, 13H), 1.63 (s, 3H, 7-CH3), 2.72 (s, 1H, (HI)2),.3.00 (d, 1H, 2J 
=9.1 Hz, 8a-CH2), 3.28 (s, 3H, OCH3), 3.32-3.40 (m, 4H, 8a-CH and C 0 2CH3), 3.70- 
3.80 (m, 1H, HI'), 4.55 (d, 1H, 2J =6.8Hz, OCHO), 4.66 (d, 1H, 2J =6.8Hz, OCHO), 
4.85 (s(br), 1H, H8),
MS (m/z) : 362 (M+, 6%), 317 (16), 285 (100), 271 (28), 257 (59), 255 (69), 241
(28), 227 (94), 213 (72), 199 (47), 185 (31), 171 (25), 157 (34), 163 (31), 131 (34), 
104 (47), 90 (34).
HRMS : C22H340 4+ (M+) requires 362.2457 found 362.2457.
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5a-(l'-Methoxymethoxypropyl)-8aß-methoxymethyl-7-methyl-  
4,4aa,4bß,5ß,6,8a,9,10-octahydro-2(3J/)-phenanthrenone (173).
OMOM OMOM OH
an. HCl, THF
H X O
A flame dried lOOmL two necked round bottom flask fitted with a magnetic stirrer and a 
rubber septum under a positive pressure of dry nitrogen was charged with a solution of 
the nonconjugated enone 172 (460mg, 1.27mmol) in dry THF (lOmL). Dry HC1 gas 
was bubbled into the solution for approximately lOsec and the reaction mixture allowed to 
stir for 30min. When TLC analysis showed approximately a 1 : 1 mixture of the starting 
material and the conjugated enone (more polar and U.V. active by TLC) the reaction was 
quenched by the addition of saturated sodium bicarbonate solution (5mL) and water 
(5mL). The THF was removed under vacuum and the aqueous phase was extracted three 
times with ethyl acetate (20mL). The combined organic layers were washed with water 
(15mL) and brine (15mL), dried over magnesium sulfate and concentrated in vacuo. The 
crude mixture of isomers was separated by column chromatography to give 184mg of the 
starting material 172, 189mg of the conjugated enone 173 and a small quantity of the 
alcohol 174.
The reaction was repeated twice more to give 299mg of the conjugated enone 173 (63% 
yield) and 44mg of the deprotected derivative 174 (11% yield).
IR (CHC13) cm '1: 2930 (m), C-H st; 1665 (s), C =0 st; 1450 (m), C-H def; 1250 (m), 
1100 (s), C-O st.
13C NMR (VXR3) 5 : 6.0 (C3')f 23.0 (7-CH3), 23.2 (C2'), 29.4 (C6), 30.0 (C9),
31.7 (CIO), 34.3 (C4), 35.1 (C4a), 36.9 (C3), 37.6 (C4b), 39.3 (C5), 42.8 (C8a), 55.7 
(OCOCH3), 58.5 (OCH3), 79.2 (C l'), 79.9 (8a-CH2), 95.8 (OCH20 ) , 124.4 (C l), 
125.6 (C8), 137.3 (C7), 168.4 (ClOa), 199.3 (C2).
1H NMR (VXR3) 5 : 0.91 (t, 3H, 3/ 3’,2’=7.5Hz, (H3’)3), 1.50-2.00 (m, 8H), 1.73 (s,
3H, 7-CH3), 2.00-2.50 (m, 7H),.2.99 (d, 1H, 2J  =9.2Hz, 8a-CH2), 3.28 (s, 3H, 
OCH3), 3.40-3.50 (m, 4H, 8a-CH and OCOCH3), 3.75-3.82 (m, 1H, H I'), 4.64 (d, 
1H, 2J  =7.0Hz, OCHO), 4.76 (d, 1H, 2J =7.0Hz, OCHO), 4.97 (s(br), 1H, H8), 5.82
(s, 1H, H I).
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MS (m/z) : 362 (M+, 2.5%), 324 (6.2), 318 (7.1), 285 (28.6), 273 (14.3), 265 (14.0), 
257 (40.5), 255 (42.9), 227 (16.7), 215 (62.0), 199 (13.4), 192 (100), 159 (13.1), 147 
(14.8), 110 (57.0), 90 (11.5).
4,4aa,4bß,5ß ,6 ,8a ,9 ,10-O ctahydro-5a-(l'-hydroxypropyl)-  
8aß-methoxymethyl-7-inethyl-2(3//)-phenanthrenone (174).
IR (CHCI3) cm-1: 3500 (br), O-H st; 2935 (m), C-H st; 1665 (s), C =0 st; 1450 (w), C- 
H def; 1260 (m), 1110 (m), C-O st.
13C NMR (VXR3) 6 : 8.8 (C3'), 23.4 (7-CH3), 28.1 (C2'), 29.1 (C6), 29.8 (C9),
31.8 (CIO), 34.2 (C5), 35.3 (C4b), 37.2 (C6), 40.5 (C4a), 40.8 (C4), 42.8 (ClOa), 
59.0 (OCH3), 74.7 (CI'), 79.7 (10a-CH2), 124.4 (C8), 125.8 (CI), 137.3 (C2), 169.2 
(C8a), 199.8 (C7).
JH NMR (VXR3) 6 : 0.94 (t, 3H, 3/ 3-,2’=7.5Hz, (H3')3), 1.30-1.47 (m, 2H, (H2’)2), 
1.56 (ddd, 1H, y  =14.2Hz, 3y5ß 6=4.5Hz, 3/ 5ß 6=4.2Hz, H lOa), 1.60-2.50 (m, 11H), 
1.70 (s, 3H, 2-CH3), 2.99 (d, 1H, 2J =9.4Hz, 10a-CH), 3.25 (s, 3H, OCH3), 3.37 (d, 
1H, 2J =9.4Hz, 10a-CH), 3.70 (dt, 1H, 3. / r ,2'=8.0Hz, 3/r ,4 a= 4 .1 H z , H l') , 4.93 
(s(br), 1H, H l), 5.77 (s, 1H, H8).
MS (m/z) : 318 (M+, 1.8%), 273 (19), 254 (23), 215 (11), 84 (64), 82 (100).
Methyl 3,4,4aß,4bcc,5a,6,8a,9,10,10aa-Decahydro-  
5ß-(r-methoxymethoxypropyI)-8aa-methoxymethyl’7-methyl- 
2-oxophenanthrene-loc(2H)-carboxylate (175).
OMOM OMOM
l.Li,N H 3, t-BuOH
2. Isoprene
3. NCCO2CH3
9 5 COoCH
Ammonia (50mL) was distilled from sodium amide into a flame-dried 250mL three 
necked flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under 
a positive pressure of dry nitrogen. Small pieces of freshly cleaned lithium wire (14mg, 
2.00mmol) were added to the ammonia and the resulting blue solution stirred for 10min, 
after which it was cooled to -78°C. A solution of the enone 173 (299mg, 0.80mmol) in 
dry diethyl ether (5mL) and t-BuOH (53mg, 0.72mmol) was added dropwise over 5min.
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After a further 15min, isoprene was added dropwise until the blue colour dispersed and 
the ammonia allowed to boil off under a stream of nitrogen. The residue was carefully 
dried under high vacuum for 5min after which, the nitrogen atmosphere was re­
introduced. The resulting enolate was suspended in dry diethyl ether (lOmL) and cooled 
to -78°C. Methyl cyanoformate (102mg, 1.20mmol) was added dropwise and the 
resulting suspension stirred for a further 20min at this temperature and allowed to warm 
to 0°C. Water (5mL) and ethyl acetate (lOmL) were added and the mixture stirred until 
the precipitate was completely dissolved. The aqueous phase was extracted twice more 
with ethyl acetate (15mL) and the combined organic layers were washed with water 
(lOmL) and brine (lOmL), dried over magnesium sulfate and concentrated in vacuo. The 
crude mixture was separated by column chromatography to give 191mg of the required ß- 
ketoester 175 (61% yield).
IR (CHCh) cm-1: 2940 (s), C-H st; 1740 (s), C =0 (est) st; 1715 (s), C =0 (ket) st; 
1445 (s), C-H def; 1230 (s), 1150 (s), 1100 (s), 1040 (s), C-O st.
13C NMR (VXR3) 5 : 6.0 (C3’>, 23.1 (7-CH3), 23.5 (C2'), 28.8 (C6), 31.0 (CIO), 
32.0 (C9), 34.6 (C4), 37.1 (C4a), 37.7 (C3), 38.9 (C4b), 41.2 (C5), 43.3 (C8a), 45.6 
(ClOa), 52.0 (CO2CH3), 56.0 (OCOCH3), 58.7 (OCH3), 64.1 (C l), 79.7 (C l’), 81.2 
(8a-CH2), 96.0 (0C H 20 ), 126.4 (C8), 137.3 (C7), 170.2 (1-CO), 205.6 (C2).
1H NMR (VXR3) 6 : 0.91 (t, 3H, 3/ 3-,2-=7.4Hz, (H3’)3), 1.10-2.00 (m, 11H), 1.72 
(s, 3H, 7-CH3), 2.00-2.50 (m, 5H),.2.92 (d, 1H, 2J =9.4Hz, 8a-CH), 3.10 (d, 1H, 
3^lß,10aa=12.1H z, HI) ,  3.27 (s, 3H, OCH3), 3.40-3.50 (m, 4H, 8a-CH and 
CH2OCH3), 3.64-3.74 (m, 1H, H I’), 3.74 (s, 3H, C 0 2CH3), 4.63 (d, 1H, 2J =7.0Hz, 
OCHO), 4.75 (d, 1H, 2J =7.0Hz, OCHO), 4.88 (s(br), 1H, H8).
Methyl lß,7-dimethyl-5ß-(l'-methoxymethoxypropyl)-  
8aa-m ethoxym ethyl-3 ,4 ,4aß,4ba,5a,6 ,8a,9 ,10,10aa-D ecahydro-  
2-oxophenanthrene-loc(2//)-carboxylate (176).
OMOM OMOM
CO.CH
175
- 190-
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with ß-ketoester 175 (190mg, 
0.49mmol) and dry THF (4mL). NaH (freshly washed with pentane) (12mg, 0.49mmol) 
was added and the mixture stirred for 5min. Mel (83mg, 0.59mmol) was added and the 
reaction stirred for 16h at room temperature. Water (5mL) was added carefully and the 
resulting aqueous mixture extracted three times with ethyl acetate (lOmL). The combined 
organic layers were washed with water (5mL) and brine (5mL), dried over magnesium 
sulfate and concentrated in vacuo. The crude reaction mixture was purified by column 
chromatography to give 154mg of the mono-alkylated ß-ketoester 176 (78% yield).
IR (CHCI3) cm '1: 2930 (s), C-H st; 1740 (s), C=0 (est) st; 1710 (s), C=0 (ket) st; 
1450 (s), C-H def; 1260 (s), 1150 (s), 1100 (s), 1040 (s), C-O st.
13C NMR (VXR3) 5 : 5.9 (C3'), 15.6 (I-CH3), 22.9 (7-CH3), 23.4 (C2’), 23.7
(CIO), 29.6 (C6), 31.0 (C9), 32.1 (C4), 34.8 (C4a), 37.6 (C3), 37.7 (C4b), 39.4 (C5),
43.0 (C8a), 47.4 (ClOa), 52.1 (CO2CH3), 55.9 (OCOCH3), 58.6 (OCH3), 62.2 (Cl), 
79.6 (Cl'), 81.0 (8a-CH2), 95.9 (OCH20), 126.2 (C8), 137.1 (C7), 173.2 (1-CO),
210.0 (C2).
!H NMR (VXR3) 5 : 0.91 (t, 3H, 3 /3.j2.=7.4Hz, (H3’)3), 1.10-2.60 (m, 12H), 1.26 
(s, 3H, I-CH3), 1.72 (s, 3H, 7-CH3), 2.91 (d, 1H, 2J =9.4Hz, 8a-CH), 3.27 (s, 3H, 
OCH3), 3.40-3.50 (m, 4H, 8a-CH and OCOCH3), 3.63-3.74 (m, 1H, HI'), 3.72 (s, 
3H, C 02CH3), 4.63 (d, 1H, 2J =6.8Hz, OCHO), 4.75 (d, 1H, 2J =6.8Hz, OCHO), 
4.87 (s(br), 1H, H8).
MS (m/z) : 405 (M+ - CH3O, 1.8%), 386 (1.8), 331 (7.4), 147 (9.4), 121 (5.5), 119 
(7.1), 105 (18.8), 93 (6.1), 91 (8.8), 55 (13.2), 45 (100).
HRMS : C24H3705+ (M+ - CH3O) requires 405.2641 found 405.2641.
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Methyl lß,7-Dimethyl-5ß-(r-methoxymethoxypropyl)-
8aa-methoxymethyl-4aß,4ba,5a,6,8a,9,10,10a-octahydro-
2-oxophenanthrene-la(2f/)-carboxylate (177).
OMOM OMOM
l.LDA, THF
2. PhSeCl
3. h2o2, Py. CH2C12
CO.CH
A lOmL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with diisopropyl amine (73mg, 
0.72mmol) and dry THF (2mL). The stirred solution was cooled to -78°C and n-butyl 
lithium (53mmol) added dropwise over 5min. The resulting solution was allowed to 
warm to 0°C and stirred an additional 30min and then cooled back to -78°C. A solution 
of the ketone 176 (154mg, 0.38mmol) in THF (2mL) was added dropwise over 5min 
and the reaction allowed to warm to 0°C. After 30min the reaction was cooled to -78°C 
and phenylselenenyl chloride (145mg, 0.76mmol) added in one lot. The reaction was 
stirred at this temperature for lh and then at 0°C for a further hour. Water (5mL) was 
added and mixture extracted three times with ethyl acetate (lOmL). The combined 
organics were washed with water (5mL) and brine (5mL), dried over magnesium sulfate 
and concentrated in vacuo. The crude product was dissolved in dichloromethane (4mL) 
and pyridine (4mL) and cooled to 0°C. The solution was stirred vigorously and 30% 
hydrogen peroxide (3mL) added dropwise over 5min. The mixture was stirred for a 
further 20min and water (5mL) added. The aqueous was extracted three times with ethyl 
acetate (lOmL) and the combined organic layers washed with IM HC1 (5mL), saturated 
sodium bicarbonate solution (lOmL) and brine (5mL), dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by chromatography to give 27mg 
of the enone 177 (18% yield).
•H NMR (FX2) 8 : 0.93 (t, 3H, %,2'=7.4Hz, (H3')3), 0.94-2.60 (m, 12H), 1.20 (s, 
3H, 1-CH3), 1.72 (s, 3H, 7-CH3), 2.92 (d, 1H, 2J  =9.8Hz, 8a-CH), 3.27 (s, 3H, 
OCH3), 3.35-3.50 (m, 4H, 8a-CH and OCOCH3), 3.71 (s, 3H, CO2CH3), 3.71-3.90 
(m, 1H, HI'), 4.65 (d, 1H, 2J  =6.8Hz, OCHO), 4.78 (d, 1H, 2J  =6.8Hz, OCHO), 4.98 
(s(br), 1H, H8), 5.93 (dd, 1H, 3 /4>3=10.9Hz, 3/ 4,4aß=2.5Hz, H4), 6.81 (d, 1H, 
3/3 ,4=10.9H z, H3).
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MS (m/z) : 403 (M+ - CH3O, 0.4%), 357 (7.8), 329 (9.7), 267 (6.4), 147 (8.4), 135 
(6.4), 119 (8.1), 105 (14.1), 57 (10.8), 45 (100).
HRMS : C24H 35Ü5+ (M+ - CH3O) requires 403.2484 found 403.2481.
lß,7-Dimethyl-la-methoxycarbonyl-8aa-methoxymethyl-  
2,3 ,4aß ,4ba,5a ,6 ,8a ,9 ,10 ,10a-decahydro-5ß-( l ' -propyl)-  
2-oxophenanthrene- l ' ,4ß(l / / ) -ether (178).
OMOM
H,CO H,CO
A lOmL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with the enone 177 (25mg, 
0.06mmol) and dichloromethane (2mL). The stirred solution was cooled to -78°C and a 
solution of dimethyl boron bromide in dichloromethane was added dropwise. The 
reaction was followed by TLC analysis and when the consumption of the starting material 
was complete the reaction mixture was carefully poured into a cold, stirred saturated 
sodium bicarbonate solution (5mL). The aqueous phase was extracted twice with 
dichloromethane (5mL) and the combined organic layers washed with water, dried over 
sodium sulfate and concentrated in vacuo. The crude product was purified by column 
chromatography to give 14mg of the ether 178 (63% yield).
IR (CHCI3) cm-1: 2930 (s), C-H st; 1740 (s), C =0 (est) st; 1715 (s), C = 0  (ket) st; 
1450 (m), C-H def; 1260 (s), 1100 (s), C-O st.
13C NMR (VXR3) 8 : 10.3 (C3’), 15.5 (I-C H 3), 23.1 (7-CH3), 23.7 (C2!), 25.2
(CIO), 26.2 (C6), 31.8 (C9), 33.6 (C4a), 35.9 (C3), 39.9 (C8a), 40.6 (C4b), 41.3 
(C5), 44.2 (ClOa), 52.3 (CO2C H 3), 59.3 (OCH3), 61.9 (C l), 78.2 (C l'), 79.1 (C4), 
82.3 (8a-CH2), 125.2 (C8), 135.8 (C7), 172.9 (1-CO), 207.5 (C2).
lH NMR (FX2) 8 : 0.91 (t, 3H, 2J y j2'=lAHz, (H3')3), 0.92-2.60 (m, 15H), 1.28 (s,
3H, I-CH 3), 1.69 (s, 3H, 7-CH3), 2.93 (d, 1H, 2J =9.4Hz, 8a-CH), 3.15-3.52 (m, 
3H, 10a-CH, H I' and H4), 3.30 (s, 3H, OCH3), 3.72 (s, 3H, CO2C H 3), 4.96 (s(br),
1H, H 8).
- 193-
MS (m/z) : 359 (M+ - CH3O, 13.5%), 345 (100), 295 (15.2), 285 (11.9), 267 (28.2), 
255 (20.0), 239 (16.2), 227 (17.5), 225 (10.9), 211 (10.2), 199 (14.4), 197 (17.2), 185 
(10.9), 173 (12.0), 161 (11.4), 157 (14.8), 155 (18.4), 149 (10.6), 147 (30.7), 145 
(21.1), 143 (16.4), 135 (12.2), 131 (22.1), 129 (11.6), 123 (10.1), 121 (15.5), 119 
(39.5), 115 (11.9), 111 (52.6), 109 (34.0), 105 (63.5), 95 (20.9), 93 (19.0), 91 (37.6), 
83 (18.7), 81 (25.6), 79 (22.7), 77 (19.7), 71 (25.4), 69 (23.3), 67 (18.9), 59 (23.9), 
57 (91.7), 55 (42.7), 45 (72.3).
Methyl 3 ,4 ,4aß,4ba,5a,6 ,8a,9 ,10,10a-D ecahydro-lß ,7-d im ethyl-  
5ß-(l'-oxopropyl)-8aa-methoxyinethyl-2-oxophenanthrene-  
la(2 //)-carboxylate (180).
OMOM OH O
HXO
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with the enone 176 (82mg, 
0.19mmol) and dichloromethane (5mL). The stirred solution was cooled to -78°C and a 
solution of dimethyl boron bromide in dichloromethane was added dropwise. The 
reaction was followed by TLC analysis and when the consumption of the starting material 
was complete the reaction mixture was carefully poured into a cold, stirred saturated 
sodium bicarbonate solution (5mL). The aqueous phase was extracted twice with 
dichloromethane (lOmL) and the combined organic layers washed with water (5mL), 
dried over sodium sulfate and concentrated in vacuo. The crude product 179 was used 
in the next step without further purification.
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with the crude alcohol 179, dry 
dichloromethane (5mL) and freshly regenerated powdered molecular sieves (approx 
250mg). Freshly ground PDC (360mg, 0.95mmol) was added and the reaction stirred 
until the reaction appeared complete from TLC analysis. The reaction mixture was diluted 
with ethyl acetate and celite (approx 500mg) added. The resulting slurry was filtered 
through a plug of silica and then the solid was washed through three times more with 
ethyl acetate. The resulting organics were concentrated in vacuo and the crude oil was 
chromatagraphed to give 53mg of the diketone 180 (72% yield).
- 194-
13C NMR (VXR3) 5 : 8.1 (C3‘), 15.5 (1-CH3), 23.3 (7-CH3), 23.8 (CIO), 27.5 (C6), 
30.4 (C9), 32.2 (C4), 33.1 (C2')f 34.4 (C4a), 37.2 (C3), 41.9 (C4b), 42.7 (C8a), 46.8 
(ClOa), 46.9 (C4), 52.1 (CO2CH3), 59.1 (OCH3), 61.8 (Cl), 79.9 (8a-CH2), 125.9 
(C8), 136.2 (C7), 173.0 (1-CO), 209.0 (C2), 215.5 (Cl1).
NMR (FX2) 5 : 1.07 (t, 3H, 3/3\2'=7.3Hz, (H3’)3), 1.10-2.60 (m, 15H), 1.25 (s, 
3H, I-CH3), 1.74 (s, 3H, 7-CH3), 2.90-3.05 (m, 1H, H5), 3.02 (d, 1H, 2J =9.9Hz, 
8a-CH), 3.35 (s, 3H, OCH3), 3.37 (d, 1H, 2J  =9.9Hz, 8a-CH), 3.72 (s, 3H, 
CO2CH3), 4.94 (s(br), 1H, H8).
Methyl a '^ '^ a 'ß ^ b 'a ^ 'a ^ '^ a '^ 'a O 'a O a '-D e c a h y d r o -  
l 'ß ,7'-dimethyl-8a'a-methoxy methyl­
s'ß - ( lM-oxopropyl)spiro[l,3-dioxalane-2,2,-phenanthrene]- 
l'a(2'//)-carboxylate (181).
A flame-dried lOmL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with diketone 180 (53mg, 
0.14mmol), dry dichloromethane (2mL) and l,2-bis(trimethylsilyloxy)ethane (28mg, 
0.14mmol). The solution was cooled to -78°C and and a catalytic amount of TMSOTf 
(2|iL) added. The mixture was stirred at this temperature for 2 hours and then warmed to 
room temperature for 18h. Saturated sodium bicarbonate solution (3mL) was added to 
the dark brown solution and stirred for a further 10min. The aqueous was extracted twice 
with dichloromethane (lOmL) and the combined organic layers were washed with water 
(5mL), dried over sodium sulfate and concentrated in vacuo. The crude product mixture 
was purified by column chromatography to give 46mg of the dioxalane compound 181 
(78% yield).
13C NMR (VXR3) 5 : 8.2 (C3M), 14.1 (l'-CH3), 23.3 (7'-CH3), 24.7 (CIO'), 27.3
(C6'), 27.5 (C4'), 30.9 (C9’), 32.6 (C2M), 33.0 (C4a'), 35.0 (C3'), 42.6 (C4b’), 43.0 
(C8a'), 47.3 (ClOa' and C5'), 51.9 (C02CH3), 54.3 (C4), 59.2 (OCH3), 64.4 (C7'),
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64.7 (C5), 80.5 (8a'-CH2), 110.8 (C2), 126.4 (C8), 135.9 (C7), 174.0 (1-CO), 215.5 
(C l”).
1H NMR (FX2) 5 : 1.06 (t, 3H, 3/ 3"v2-=7.3Hz, (H3M)3), 1.10-1.62 (m, 5H), 1.24-
1.40 (m, 1H, H4a), 1.16 (s, 3H, 1-CH3), 1.71 (s, 3H, 7-CH3), 1.75-2.12 (m, 4H), 
2.21 (dd, 1H, 2J =18.2Hz, 3/ 6a,5a=10.8Hz, H6a), 2.39 (d(br), 1H, 3/4ba,4aß=9.9Hz, 
H4ba), 2.44 (dq, 1H, 2J =17.3Hz, 3/ 2",3"=7.3Hz, H2"), 2.68 (dq, 1H, 2J =17.3Hz, 
3/ 2",3"=7.3Hz, H2”), 2.92 (dd(br), 1H, 3/ 5a,6a=10.8Hz, 3/5a,6ß=3.6Hz, H5a), 3.01 
(d, 1H, 2J =9.7Hz, 8a-CH), 3.33 (s, 3H, OCH3), 3.34 (d, 1H, 2J =9.7Hz, 8a-CH), 
3.68 (s, 3H, C 02CH3), 3.72-3.95 (m, 4H, (H4)2 and (H5)2), 4.90 (s(br), 1H, H8).
Methyl lß,7-Dimethyl-5ß-8aa-methoxymethyl- 
2-4aß,4ba,5a,6,8a,9,10,10a-octahydro-2-oxo- 
(l'-oxopropyl)phenanthrene-la(2^)-carboxylate (183),
OH OH O
1. DMSO
ScPh CH2C12, (COCl)2l .LDA
2. PhSeCl 2. H20 2, Py. j 
CH2C12 H 3C 0
COoCH
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with diisopropyl amine (40mg, 
0.40mmol) and dry THF (2mL). The stirred solution was cooled to -78°C and n-butyl 
lithium (0.37mmol) added dropwise over 5min. The resulting solution was allowed to 
warm to 0°C and stirred an additional 30min and then cooled back to -78°C. A solution 
of the ß-ketoester 179 (54mg, 0.14mmol) in THF (5mL) was added dropwise over 5min 
and the reaction allowed to warm to 0°C. After 30min the reaction was cooled to -78°C 
and PhSeCl (71mg, 0.37mmol) added in one lot. The reaction was stirred at this 
temperature for lh and then at 0°C for a further 3h. Water (3mL) was added and mixture 
extracted three times with ethyl acetate (lOmL). The combined organics were washed 
with water (5mL) and brine (5mL), dried over magnesium sulfate and concentrated in 
vacuo. The crude mixture of diasteremers was used without purification in the next step. 
A flame-dried 25mL two necked flask fitted with a magnetic stirrer and a rubber septum 
under a positive pressure of dry nitrogen was charged with dichloromethane (5mL) and 
oxalyl chloride (35mg, 0.28mmol). The stirred solution was cooled to -70°C and dry 
DMSO (29mg, 0.37mmol) was added dropwise over 5min. The resulting mixture was 
stirred for 10min and the crude a-ketoselenide diastereomers 182 in dichloromethane
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(2mL) was added dropwise over 5min. The reaction was stirred at this temperature for a 
further lh and then quenched by the addition of triethylamine (2mL). The mixture was 
warmed to room temperature, diluted with water (2mL) and extracted three times with 
dicholoromethane (lOmL). The combined organic layers were washed twice with water, 
dried over sodium sulfate and concentrated in vacuo. The crude mixture of diastereomers 
was used without purification in the next step.
The diastereomeric mixture of diketones was dissolved in dichloromethane (2mL) and 
pyridine (2mL), cooled to 0°C. The solution was stirred vigorously and 30% hydrogen 
peroxide (lmL) added dropwise over 5min. The mixture was stirred for a further 20min 
and water (2mL) added. The aqueous was extracted three times with dichloromethane 
(lOmL) and the combined organic layers washed with IM HC1 (5mL), saturated sodium 
bicarbonate solution (5mL) and brine (5mL), dried over magnesium sulfate and 
concentrated in vacuo. The crude product was purified by chromatography to give 9mg 
of the enone 183 (16% yield).
IR (CHC13) cm-1: 2930 (s), C-H st; 1740 (s), C=0 (est) st; 1705 (s), C=0 (l'-ket) st; 
1680 (s), C=0 (8-ket) st; 1450 (m), C-H def; 1380 (m), 1220 (s), 1100 (s), C-O st.
!3C NMR (VXR3) 5 : 8.1 (C3’), 13.6 (I-CH3), 23.4 (7-CH3 and CIO), 27.5 (C6),
33.5 (C9), 34.4 (C2’), 35.1 (C4a), 40.0 (C4b), 43.5 (C8a), 44.9 (ClOa) 46.9 (C5), 
52.3 (CO2CH3), 58.7 (Cl), 59.2 (OCH3), 79.8 (8a-CH2), 125.6 (C8), 127.9 (C3), 
136.6 (C7), 150.3 (C4), 172.9 (1-CO), 198.6 (C2), 215.3 (Cl').
>H NMR (FX2) 8 : 0.90-2.70 (m), 1.06 (t, 3H, 3/3 ’,2'=7.3Hz, (H3)3), 1.18 (s, 3H, 1- 
CH3), 1.75 (s, 3H, 7-CH3), 2.95-3.10 (m, 1H, H5a), 3.03 (d, 1H, 2J  =10.1Hz, 8a- 
CH), 3.36 (s, 3H, OCH3), 3.40 (d, 1H, 2J =10.1Hz, 8a-CH), 3.73 (s, 3H, CO2CH3), 
4.96 (s(br), 1H, H8), 5.86 (dd, 1H, 3i 4,3=10.4Hz, 3i 4,4aß=2.8Hz, H4), 6.81 (dd, 1H, 
3/3,4=10.4Hz, 3/3 4aß=2.8Hz> H3).
Methyl 2,9-Dioxo-I,3aa,4,5,5a,5ba,5cß,8>8aa,9,10ß,10aot-dodecahydro- 
5aa-methoxymethyl-3ß,7,10a-trimethylpyrene-3a(2/7)-carboxylate (184).
o o
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A lOmL round bottomed flask fitted with a magnetic stirrer was charged with enone 183 
(7mg, 0.02mmol) and methanol (lmL). Potassium carbonate (10mg) was added and the 
reaction stirred for 2h. The methanol was removed under vacuum and the residue was 
dissolved in water (2mL) and ethyl acetate (5mL). The aqueous phase was extracted 
twice more ethyl acetate (5mL) and the combined organic layers washed with brine 
(5mL), dried over magnesium sulfate and concentrated in vacuo. The crude product was 
purified by column chromatography to give 5mg of the tetracyclic compound 184 (71% 
yield).
13C NMR (VXR3) 5 : 11.2 (IO-CH3), 14.4 (3-CH3), 23.4 (7-CH3) 23.7 (C4), 30.0 
(C8), 33.6 (C5), 35.0 (C5c), 39.9 (ClOa) 40.9 (Cl), 42.6 (C5b), 45.2 (CIO), 45.2 
(C3a) 45.6 (C5a), 48.2 (C8a), 52.3 (C02CH3), 59.2 (OCH3), 61.5 (C3), 78.8 (5a- 
CH2), 126.2 (C6), 134.1 (C7), 172.9 (3-CO), 208.4 (C9), 212.5 (C2).
!H NMR (FX2) 6 : 0.90-2.20 (m), 1.03 (d, 3H, 3/cH3,l0ß=6.5Hz, 10-CH3), 1.33 (s, 
3H, 3-CH3), 1.72 (s, 3H, 7-CH3), 2.32 (dd, 1H, 2J =14.5Hz, 3/iß ,i0aa=12.9H z, 
HIß), 2.45-2.60 (m, 1H, H10), 2.59 (dd, 1H, 2J =14.5Hz, 3/ i a ,10aa=4.4Hz, H la), 
2.91 (d, 1H, 2J =9.4Hz, 5a-CH), 2.95-3.05 (m, 1H, H8a), 3.14 (d, 1H, 2J  =9.4Hz, 5a- 
CH), 3.26 (s, 3H, OCH3), 3.74 (s, 3H, C 02CH3), 5.06 (s(br), 1H, H6),
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SECTION B
CHAPTER 6
Methyl l,4aa-D im ethyl-3,4,4a,9,10,10aß-hexahydro- 
8-methoxyphenanthrene-2-carbonate (31).
6
1. THF, t-BuQH, NH3, Li
2. THF, NCC02CH3
CO.CH
The tricyclic enone 30 (512mg, 2mmol) was dissolved in dry THF (lOmL) and lBuOH 
(140mg, 1.9mmol) in a flame-dried three necked 250mL round bottomed flask, fitted 
with a magnetic stirrer, a dry ice condenser and rubber septum under a positive pressure 
of dry nitrogen. Ammonia (lOOmL) was distilled into the flask from sodium amide, with 
vigorous stirring of the solution. Small pieces of freshly cleaned lithium wire (35mg, 
5mmol) were added to the flask and the resulting blue solution stirred at -33°C for 45min. 
Isoprene was added dropwise until the blue colour dispersed and the ammonia was 
allowed to boil off under a stream of nitrogen. The residue was carefully dried under 
high vacuum for 5min, after which the nitrogen atmosphere was re-introduced. The 
resulting enolate was suspended in dry THF (15mL) and cooled to -78°C. Methyl 
cyanoformate (187mg, 2.2mmol) was added dropwise and the resulting suspension 
stirred for a further 20min at -78°C and allowed to warm to 0°C. Water (lOmL) and ethyl 
acetate (lOmL) were added and the mixture stirred until the precipitate was completely 
dissolved. The aqueous phase was extracted twice with ethyl acetate (20mL), and the 
combined organic layers were washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo. The crude mixture was purified by column 
chromatography to give 423mg of the enol carbonate 31 (67% yield) and 49mg of the 
ß-ketoester 32 (8%).
M P: 121-123°C.
IR (CHCI3) cm-1 : 2960 (m), 2840 (m), C-H str; 1750 (s), O O  str; 1580 (m), 1460 
(m), Ar C=C str; 1445 (m), 1378 (m), 1280 (m), 1260 (m), 1160 (m), 1100 (m), 1090 
(m), C -0  str.
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13C NMR 6 : 12.5 (q, 4a-CH3), 20.0 (t, CIO), 22.2 (t, C4), 23.4 (q, 1-CH3), 24.6 (t, 
C9), 33.4 (t, C3), 36.2 (s, C4a), 43.2 (d, ClOa), 54.9 (q, -OCH3), 55.2 (q, 8-OCH3), 
107.0 (d, C7), 116.3 (d, C5), 122.2 (s, Cl), 124.1 (s, C8a), 126.0 (d, C6), 126.2 (s, 
C4b), 142.1 (s, C2), 147.6 (s, C8), 157.3 (s, CO).
1H NMR 5 : 1.13 (s, 3H, 4a-CH3), 1.50-2.80 (m, 8H), 1.64 (s, 3H, I-CH3), 2.93
(dd, 1H, 2/  =17.8Hz, 3/9ßjl0ß =7.6Hz, H9ß), 3.82 (s, 3H, 8-OCH3), 3.83 (s, 3H, 
OCO2CH3), 6.69 (d, 3/ 7 6=8.0Hz, 1H, H7), 6.95 (d, 3y5 6=8,0Hz, 1H, H5), 7.15 (dd, 
3/6 5=8.0Hz, 3/ 6 7=8.0Hz, 1H, H6).
MS (m/z) : 316 (M+, 29.9%), 240 (13.8), 225 (100), 187 (26.6), 174 (21.9), 161
(12.1), 159 (13.3), 147 (20.1), 135 (17.0), 121 (19.0), 91 (12.6), 59 (12.6), 55 (15.5).
HRMS : C19H24O4 (M+) requires 316.1673 found 316.1675.
(lß,4aß,8aoc) Methyl Octahydro-2-oxonaphthalene-la(2//)-carboxylate 
(25).
H
1. Et2Q, t-BuOH, NH3, Li
2. Et20 , NCCO2CH3 
O
24
Ammonia (350mL) was distilled from sodium amide into a flame-dried 1L three necked 
flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a 
positive pressure of dry nitrogen. The flask was cooled to -78°C and small pieces of 
freshly cleaned lithium (1.1 lg, 158mmol) were added and the resulting blue solution 
stirred until all the lithium had dissolved. A solution of the enone 24 (10.80g, 72mmol) 
in dry diethyl ether (40mL) and lBuOH (5.10g, 68.4mmol) was added dropwise over 
15min and the reaction mixture allowed to stir for a further 15min. Isoprene was added 
dropwise until the blue colour dispersed and the ammonia allowed to boil off under a 
stream of nitrogen. The residue was carefully dried under high vacuum for 5min after 
which the nitrogen atmosphere was re-introduced. The resulting enolate was suspended 
in dry diethyl ether (80mL) and cooled to -78°C. Methyl cyanoformate (6.73g, 79mmol) 
was added dropwise over 5min and the resulting suspension was stirred for a further 
40min at -78°C and then allowed to warm to 0°C. Water (500mL) and diethyl ether 
(200mL) were added and the mixture stirred until the precipitate was completely 
dissolved. The aqueous phase was extracted twice with diethyl ether (300mL), and the 
combined organic layers were washed with water (200mL) and brine (200mL), dried
25 C02CH3
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over magnesium sulfate and concentrated in vacuo to give the crude ß-ketoester as a pale 
yellow oil. This was dissolved in hexane (200mL) and cooled to -28°C for 1.5h, after 
which time very pale yellow crystals were collected. Concentration of the mother liquors 
gave a further two crops of crystals and flash chromatography of the residue from the 
remaining mother liquor followed by two more recrystallisations gave more product. 
Total quantity of ß-ketoester 25 obtained was 11.21 g (74% yield).
MP: 48-49°C.
IR (CHC13) cm-1 : 2931 (s), 2859 (m), C-H str; 1744 (s), C=0 (ester) str; 1710 (s), 
C=0 (ketone) str; 1454 (m), 1437 (m), 1364 (m), 1348 (m), C-H def; 1155 (m), 1112 
(m), C-O str.
13C NMR (XL3) 5 : 25.0 (t, C6), 25.5 (t, C7), 32.2 (t, C5), 32.4 (t, C8), 32.9 (t, C4), 
40.1 (d, C4a), 40.9 (t, C3), 45.1 (d, C8a), 51.3 (q, C02CH3), 63.3 (d, Cl), 169.7 (s, 
CO), 205.1 (s, C2).
]H NMR (XL3) 6 : 1.00-1.90 (m, 6H), 1.65-2.80 (m, 5H), 1.90-2.00 (m, 1H),
2.30-2.50 (m, 2H, (H3)2), 3.12 (d, 3/ iß ,8aa = 12.0Hz, 1H, HIß), 3.76 (s, 3H, -OCH3).
MS (m/z) : 210 (M+, 34.6%), 192 (72.1), 182 (20.3), 179 (34.0), 150 (40.1), 137 
(47.5), 133 (18.2), 122 (65.5), 118 (12.2), 116 (40.0), 113 (11.4), 108 (58.7), 106 
(10.3), 100 (29.8), 95 (68.2), 94 (94.4), 91 (25.3), 87 (33.4), 81 (100), 80 (28.4), 79 
(53.17), 77 (17.2), 74 (21.6), 66 (76.8).
HRMS : C12H18O3 (M+) requires 210.1256 found 210.1256.
MA : Calcd. for Ci2H i80 3: C, 68.53%; H, 8.63%. Found: C, 68.59%; H, 8.93%.
(lß,4aß,8aa) Methyl Octahydro-2-oxonaphthalene-la(2//)-carboxylate 
(25).
1 . THF, t-BuOH, NH3, Li
2. THF, NCCO2CH3
OCO9CH
The reaction above had originally been carried out using THF as the solvent using enone 
24 (375mg, 2.5mmol), THF (5mL), Li (42mg, 6mmol), t-BuOH (174mg, 2.35mmol)
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and Ammonia (40mL). NMR of the crude product showed that the the ß-ketoester 25 
was produced in the ratio of 20 : 1 with enol carbonate 26. 362mg of 25 was isolated 
from the reaction mixture (69% yield), however a pure sample of 26 could not be 
separated.
(Iß , 8aa) Methyl 4aß-M ethyI-octahydro-2-oxo-naphthalene- 
la (2 //)-carb oxy la te  (28).
A solution of the enone 27 (164mg, lmmol) in dry diethyl ether (2mL) and lBuOH 
(0.95mmol, 70mg) was placed in a flame-dried lOOmL three necked round bottom flask 
fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a positive 
pressure of dry nitrogen. Ammonia (30mL) was distilled into the flask from sodium 
amide and the resulting solution cooled to -78°C. Small pieces of freshly cleaned lithium 
wire were added until a blue colour persisted. After 10min, isoprene was added 
dropwise until the blue colour dispersed and the ammonia was boiled off under a stream 
of dry nitrogen. The residue was carefully dried under high vacuum for 5min after which 
the nitrogen atmosphere was re-introduced. The resulting enolate was suspended in dry 
diethyl ether (5mL) and cooled to -78°C. Methyl cyanoformate (102mg, 1.2mmol) was 
added dropwise and the resulting suspension stirred for a further 20min at -78°C and then 
allowed to warm to 0°C. Water (5mL) and diethyl ether (5mL) were added and the 
mixture was stirred until the precipitate dissolved. The aqueous phase was extracted 
twice with diethyl ether (15mL), and the combined organic layers were washed with 
water (5mL) and brine (5mL), dried over magnesium sulfate and concentrated in vacuo. 
The crude mixture was purified by column chromatography to give 184mg of ß-ketoester 
28 (82% yield).
IR (CHCI3) cm-1: 2930 (s), 2860 (m), C-H str; 1742 (s), C =0 (ester) str; 1710 (s), 
C = 0  (ketone) str; 1480 (m), 1385 (m), C-H def; 1275 (s), 1240 (s), 1140 (s), 1130 (s), 
C-O str.
13C NMR (FX2) 5: 15.5 (q, 4a-CH3), 21.0 (t, C7), 25.5 (t, C6), 26.7 (t, C8), 32.7
(s,C4a), 37.5 (t, C5), 40.2 (t, C3 and C4,), 46.5 (d, C8a), 51.5 (q, -OCH3), 60.0 (d, 
C l), 170.1 (s, CO), 205.4 (s, C2).
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>H NMR (FX2) 8: 1.08 (s, 3H, 4a-CH3), 1.10-1.40 (m, 4H), 1.50-2.00 (m, 7H),
2.30-2.70 (m, 2H, (H3)2), 3.17 (d, 3/iß,8aa=12Hz, 1H, HI), 3.75 (s, 3H, C 0 2CH3).
MS (m/z): 224 (M+, 11.6%), 206 (5.4), 193 (9.4), 169 (13.1), 151 (10.5), 137 (20), 
136 (13.6), 129 (29.1), 122 (11.7), 121 (12.4), 110 (13.9), 109 (42.7), 108 (15.7), 107
(15.5) , 100 (10.1), 96 (23.4), 95 (100), 94 (14.0), 93 (18.1), 81 (29.6), 79 (16.5), 69
(15.6) , 68 (12.1), 67 (28.0), 55 (40.7).
HRMS: C i 3H2o0 3+ (M+) requires 224.1412, found 224.1412.
Methyl lß,4aß-DimethyI-3,4,4a,9,10,10aa-hexahydro-8-methoxy-  
2-oxophenanthrene-la(2//)-carboxylate (32).
1. Et20, t-BuOH, 
NH3, Li
2. NCC02CH3 o' 
Et2Ü
The enone 30 (512mg, 2mmol) was dissolved in the minimum volume of dry diethyl 
ether (20mL) and lBuOH (140mg, 1.9mmol) in a flame-dried three necked 250mL round 
bottomed flask, fitted with a magnetic stirrer, a dry ice condenser and rubber septum 
under a positive pressure of dry nitrogen. Ammonia (lOOmL) was distilled into the flask 
from sodium amide with vigorous stirring of the solution. During this time the enone 
precipitated as a fine suspension (care had to be taken that the solution was stirred 
vigorously to allow formation of this fine precipitate rather than large masses of solid). 
Small pieces of freshly cleaned lithium wire (5mmol, 35mg) were added and the resulting 
blue solution stirred at -33°C. After 45min isoprene was added dropwise until the blue 
colour dispersed and the ammonia was boiled off under a stream of nitrogen. The residue 
was carefully dried under high vacuum for 5min, after which the nitrogen atmosphere 
was re-introduced. The resulting enolate was suspended in dry diethyl ether (20mL) and 
cooled to -78°C. Methyl cyanoformate (187mg, 2.2mmol) was added dropwise and the 
resulting suspension stirred for a further 20min at -78°C and then allowed to warm to 
0°C. Water (lOmL) and ethyl acetate (lOmL) were added and the mixture was stirred 
until the precipitate dissolved. The aqueous phase was extracted twice with ethyl acetate 
(20mL), and the combined organic layers were washed with water (lOmL) and brine 
(lOmL), dried over magnesium sulfate and concentrated in vacuo. This crude mixture 
was separated by column chromatography to give 449mg of the ß-ketoester 32 (71% 
yield) and 93mg of the ketone side product (18% yield)
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MP: 143-145°C.
IR (CHC13) cm-1: 2950 (m), 1740 (s), C=0 (ester) str; 1705 (s), C=0 (ketone) str; 
1580 (m), 1460 (m), Ar C=C str; 1435 (m), 1385 (m), C-H def; 1255 (s), 1125 (m), 
1100 (m), 1065 (m), C-O str.
13C NMR (FX2) 6 : 16.7 (q, 4a-CH3), 20.6 (t, CIO), 23.9 (q, I-CH3), 24.2 (t, C9),
35.2 (t, C4), 36.6 (s, C4a), 37.0 (t, C3), 46.2 (d, ClOa), 52.5 (q, C 02CH3), 55.2 (q, 
8-OCH3), 61.0 (s, Cl), 107.0 (d, C7), 117.0 (d, C5), 123.9 (s, C8a), 126.5 (d, C6), 
148.0 (s, C4b), 157.0 (s, C8), 173.4 (s, 1-CO), 210.2 (s, C2).
NMR (GEM3) 6 : 1.36 (s, 3H, 4a-CH3), 1.45 (s, 3H, lß-CH3), 1.50-1.60 (m,
1H, HlOoc), 1.83 (dddd, 1H, 2/  =12.5Hz, 3./ioß,10aa=12.5Hz, 3/ioß,9ot=12.5Hz, 
3*/l0ß,9ß=6.4Hz, HlOß), 2.00 (ddd, 1H, 2/=12.6Hz, 374a,3ß=l2.6Hz, 374a,3a=6.6Hz, 
H4a), 2.50-2.68 (m, 3H, H9a and (H3)2) 2.68-2.82 (m, 2H, HlOa and H4ß), 2.95 
(dd, 1H, 2/= 1 8 .1 H z, 379ß,10ß=6.4Hz, H9ß), 3.71 (s, 3H, CO2CH3), 3.81 (s, 3H, 
8-OCH3) 6.69 (d, 1H, 3 /7j6=8.2Hz, H7), 6.92 (d, 1H, 3 /5 6=9.9Hz, H5), 7.17 (dd, 
1H, 3/6 7=8.2Hz, 3/6 5=9.9Hz, H9).
MS : 316 (M+, 100%), 257 (32.5), 241 (49.1), 229 (37.9), 227 (14.3), 213 (30.1), 
203 (41.4), 201 (47.7), 199 (10.2), 189 (30.1), 187 (19.3), 185 (15.8), 174 (28.0), 173
(66.8) , 161 (97.0), 159 (26.6), 147 (14.6), 144 (12.6), 141 (12.1), 128 (19.6), 121 
(15.4), 115 (30.6), 91 (25.5), 83 (10.2), 77 (13.6), 59 (11.9), 55 (31.3), 53 (10.7), 51
( 10.8)  .
HRMS : C19H24O4+ (M+) requires 316.1674 found 316.1673.
MA : Calcd. for C19H24O4: C, 72.13%; H, 7.65%. Found C, 72.14%; H, 7.89%.
la,4aß-Dimethyl-3,4,4a,9,10,10aa-hexahydro-8-methoxy-
2(l//)-phenanthrenone.
MP: 138-140°C.
IR (CHCI3) cm-1: 2960 (m), 2940 (m), C-H str; 1705 (s), C=0 str; 1580 (m), 1460 
(m), Ar C=C str; 1440 (m), 1430 (m), 1380 (m), C-H def; 1260 (m), 1140 (m), 1060 
(m), C-O str.
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13C NMR 5 : 11.7 (q, 4a-CH3), 21.9 (t, CIO), 22.2 (q, 1-CH3), 23.7 (t, C9), 31.0 (s, 
C4a), 38.1 (t, C4), 38.3 (t, C3), 45.1 (d, ClOa), 48.8 (d, C l), 55.2 (q, 8-OCH3), 107.0 
(d, C7), 117.0 (d, C5), 124.2 (s, C8a), 126.2 (d, C6), 147.2 (s, C4b), 157.1 (s, C8), 
212.5 (s, C2).
*H NMR 8 : 1.12 (d, 3H, 3/i-CH3,l=6.5Hz, I-CH3), 1.37 (s, 3H, 4a-CH3), 1.50-2.10 
(m, 4H), 2.30-2.80 (m, 5H), 2.93 (dd, 1H, 2/= 19 .1H z, 3/ 9ß,10ß=3.1Hz, H9ß), 3.81 
(s, 3H, 8-OCH3), 6.69 (d, 1H, 3/ 7>6=7.9Hz, H7), 6.94 (d, 1H, 3/ 5,6=8.2Hz, H5), 
7.15 (dd, 1H, 3/ 6,5=8.2Hz, 3/ 6,7=7.9Hz, H6)
MS : 258 (M+, 100%), 243 (75.4), 225 (19.5), 201 (63.8), 199 (15.1), 187 (29.6), 
173 (25.3), 171 (53.0), 161 (18.4), 159 (45.5), 147 (42.0), 145 (10.2), 141 (11.0), 134 
(17.2), 128 (19.4), 121 (14.8), 115 (27.3), 91 (21.7), 77 (13.7), 69 (19.2), 55 (42.7).
HRMS : C i7H220 2+ (M+) requires 258.1620 found 258.1619.
MA : Calcd. for C i7H220 2: C, 79.03%; H, 8.58%. Found C, 78.93%; H, 8.85%.
Methyl lß,4aß-DimethyI-3,4,4a,9,10,10aa-hexahydro-8-methoxy- 
2-oxophenanthrene-la(2//)-carboxylate (32).
The previous reaction was repeated using t-butyl methyl ether as the solvent. 432mg of 
the ß-ketoester 32 (68% yield) and 87mg of the non-acylated ketone (17% yield) were 
isolated.
Methyl 3,3-Dimethyl-l-cyclohexene-l-carbonate (35).
o
1. THF, (CH3)2CuLi 
2. NCCO2CH3
34
A lOOmL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with copper (I) 
iodide (1.52g, 8mmol) and dry THF (20mL). The stirred suspension was cooled to 
-10°C and methyl lithium (16mmol) added dropwise over 10min and the resulting clear 
solution was stirred at this temperature for a further 15min. The enone 34 (441 mg, 
4mmol) in THF (5mL), was added dropwise to the reaction mixture over 10min and the
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resulting yellow suspension was stirred for a further 45min. The reaction mixture was 
cooled to -78°C and methyl cyanoformate (383mg, 4.5mmol) was added over 5min. The 
reaction was stirred at this temperature for 20min and allowed to warm to 0°C and stirred 
a further 20min. Water (30mL) was added carefully to the reaction mixture and the 
aqueous slurry was extracted twice with ethyl acetate (20mL). The combined organic 
layers were washed twice with 10% ammonia solution (20mL), water (20mL) and brine 
(20mL), dried over magnesium sulfate and concentrated in vacuo to give a pale yellow 
oil. This was purified by column chromatography to give 640mg of enol carbonate 35 
(87% yield).
I.R. (CHCL3) c m -l: 2960 (s), 2865 (m), C-H str, 1755 (s), C =0 str; 1440 (m), 1360 
(m), C-H def; 1250 (s), 1175 (m), 1135 (m), 1065 (m), C -0  str.
!3C NMR (XL3) 5 : 19.5 (3-(CH3)2), 26.2 (C5), 29.6 (C4), 31.9 (C6), 36.3 (C3),
54.7 (-OCH3), 124.0 (C2), 147.2 (C l), 154.1 (CO).
*H NMR (GEM3) 5 : 1.01 (s, 6H, C-(CH3)2), 1.37-1.44 (m, 2H, (H4)2), 1.69-1.78 
(m, 2H, (H5)2), 2.12 (dt, 2H, 3 /6 5=6.4Hz, 4/ 6, i = 1.5H z, (H6)2), 3.77 (s, 3H, 
0 C 0 2CH3), 5.22 (s, 1H, H I).
MS (m/z) : 184 (M+, 7.5%), 170 (3.3), 169 (36.7), 125 (100), 109 (11.7), 93 (39.0), 
77 (14.2), 69 (10.0), 67 (10.7), 59 (23.4), 55 (27.6), 53 (10.0).
HRMS : C ioH i60 3+ (M+) requires 184.1099 found 184.1098.
Methyl 6,6-Dimethyl-2-oxocyclohexane-l-carboxylate (36).
A lOOmL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with copper (I) 
iodide (1.52g, 8mmol) and dry diethyl ether (20mL). The stirred suspension was cooled 
to -10°C and methyl lithium (16mmol) was added dropwise over 10min. The resulting 
clear solution was stirred at this temperature for a further 15min. The enone 34 (441 mg, 
4mmol) in diethyl ether (5mL) was added dropwise to the reaction mixture over 10min 
and the resulting yellow suspension was stirred for a further 30min. The reaction mixture
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was cooled to -78°C and methyl cyanoformate (383mg, 4.5mmol) was added over 5min. 
The reaction was stirred at this temperature for 20min and allowed to warm to 0°C and 
stirred a further 20min. Water (30mL) was added carefully to the reaction mixture and 
the aqueous slurry was extracted three times with ethyl acetate (20mL). The combined 
organic layers were washed twice with 10% ammonia solution (20mL), water (20mL) 
and brine (20mL), dried over magnesium sulfate and concentrated in vacuo to give a 
mixture of ß-ketoester and enol carbonate (13:1). This mixture was separated by column 
chromatography to give 574mg of ß-ketoester 36 (78% yield).
All other spectral data was consistent with reported data.35
3,3-Dimethyl-l-trimethylsilyloxy-l-cyclohexene (37).
O
1. Et2Q, (CH3)2CuLi 
2. TMSC1, Et3N
34
A 250mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with copper (I) 
iodide (3.8lg , 20mmol) and dry diethyl ether (50mL). The stirred suspension was 
cooled to -10°C and methyl lithium (40mmol) was added dropwise over 10min and the 
resulting clear solution stirred at this temperature for a further 15min. Enone 34 (1.76g, 
16mmol) in diethyl ether (25mL), was added dropwise to the reaction mixture over 15min 
and the resulting yellow suspension was stirred for a further 45min. After this time 
TMSC1 (8.70g, 80mmol) and triethylamine (9.10g, 90mmol) were added over 5min. 
The reaction was stirred for a further 20min and allowed to warm to 0°C. Water (70mL) 
was added carefully to the reaction mixture and the aqueous slurry extracted twice with 
ethyl acetate (50mL). The combined organic layers were washed twice with 10% 
ammonia solution (50mL), water (50mL) and brine (50mL), dried over magnesium 
sulfate and concentrated in vacuo to give a pale yellow oil. Bulb to bulb distillation of 
this oil gave 2.34g of the silyl enol ether 37 (74% yield).
The physical data of this compound corresponded to that already published.36
OTMS
37
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Methyl 6,6-Dimethyl-2-oxocyclohexane-l-carboxylate (36).
OTMS
" S s  L MeLi, THF, -20°C 
J L  2. NCC02CH3,-78°C
37
OCO9CH
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with enol ether 
37 (396mg, 2mmol) in dry THF (5mL). The solution was cooled to -20°C and methyl 
lithium (2mmol) was added dropwise over 5min. The reaction mixture was stirred at this 
temperature for 20min and then cooled to -78°C. Methyl cyanoformate (187mg, 
2.2mmol) was added dropwise and after 20min at -78°C the mixture was allowed to 
warm to 0°C and stirred for a further 20min. Water (lOmL) and ethyl acetate (lOmL) 
were added and the aqueous phase was extracted twice more with ethyl acetate (lOmL). 
The combined organic layers were washed with water (5mL) and brine (5mL), dried over 
magnesium sulfate and concentrated in vacuo to give a mixture of the ß-ketoester 36 and 
enol carbonate 35 (1 : 2 by NMR) (total yield 89%).
Methyl 6,6-Dimethyl-2-oxocyclohexane-l-carboxylate (36).
OTMS
A
1. MeLi, THF, -20°C 
2 . 2  x Et2 0
0
J l  xco2ch3
oco2ch3
A
3. NCCO2CH3, Et20  *
37
-78°C \
36
\
35
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with enol ether 
37 (396mg, 2mmol) in dry THF (5mL). The solution was cooled to -20°C and methyl 
lithium (2mmol) was added dropwise over 5min. The reaction mixture was stirred at this 
temperature for 20min. The THF was removed in vacuo and the resulting white foam was 
warmed to 20°C and dried under high vacuum for 15min. Nitrogen was re-introduced 
into the reaction flask and dry diethyl ether (5mL) was added. The suspension was 
stirred for 1 minute and solvent was removed under high vacuum. This sequence was 
repeated and finally diethyl ether (lOmL) was added. The resulting solution was cooled 
to -78°C. Methyl cyanoformate (187mg, 2.2mmol) was added dropwise and after 20min 
at -78°C the mixture was warmed to 0°C and stirred for a further 20min. Water (lOmL) 
and ethyl acetate (lOmL) were added and the aqueous phase extracted twice more with 
ethyl acetate (lOmL). The combined organic layers were washed with water (5mL) and 
brine (5mL), dried over magnesium sulfate and concentrated in vacuo. The crude mixture
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was separated by column chromatography to give 52mg of the enol carbonate 35 (14% 
yield), 173mg of the ß-ketoester 36 (47% yield) and 28mg of 3,3 dimethylcyclohexan-1- 
one (11% yield). (3,3 dimethylcyclohexan-l-one was identified from the reported data39)
Methyl 6,6-Dimethyl-2-oxocycIohexane-l-carboxylate (36).
Ammonia (25mL) was distilled from sodium amide into a flame-dried 50mL two necked 
flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a 
positive pressure of dry nitrogen. Lithium (16mg, 2.2mmol) was added in very small 
pieces and allowed to dissolve in the ammonia. A catalytic amount of ferric nitrate was 
added and the solution stirred until the blue colour dispersed. The ammonia was allowed 
to boil off under a stream of dry nitrogen and the resulting lithium amide dried under high 
vacuum. The nitrogen atmosphere was re-introduced and the lithium amide suspended in 
dry diethyl ether (lOmL). The resulting suspension was cooled to -10°C and the enol 
ether 37 (396mg, 2mmol) in diethyl ether (5mL) was added dropwise over 5min. The 
reaction mixture was warmed to 20°C and stirred for 20min then cooled to -78°C and 
methyl cyanoformate (187mg, 2.2mmol) added dropwise. The reaction was stirred at 
-78°C for 20min and allowed to warm to 0°C. After stirring for a further 20min, water 
(lOmL) and ethyl acetate (lOmL) were added and stirred until the precipitate had 
dissolved. The aqueous phase was extracted twice more with ethyl acetate (15mL). The 
combined organic layers were washed with water (lOmL) and brine (lOmL), dried over 
magnesium sulfate and concentrated in vacuo to give a pale yellow oil. NMR of the 
crude product showed the absence of enol carbonate 35. The oil was chromatographed 
to give 191mg of ß-ketoester 36 (52% yield) and 88mg of the non-acylated ketone (35% 
yield).
Methyl 6,6-Dimethyl-2-oxocyclohexane-l-carboxylate (36).
OTMS O O
1. PhLi, Et20, -20°C
2. NCC02CH3, -78°C
A 50mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with enol ether
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37 (396mg, 2mmol) in dry diethyl ether (lOmL). The reaction mixture was cooled to 
-20°C and phenyl lithium (2mmol) was added over 5min. The reaction was allowed to 
warm to 20°C and stirred for a further 30min. The reaction mixture was then cooled to 
-78°C and methyl cyanoformate (187mg, 2.2mmol) was added dropwise over 5min. The 
reaction was stirred at -78°C for 20min and allowed to warm to 0°C. After stirring for a 
further 20min, water (lOmL) and ethyl acetate (lOmL) were added and stirred until the 
precipitate had dissolved. The aqueous phase was extracted twice more with ethyl acetate 
(15mL). The combined organic layers were washed with water (lOmL) and brine 
(lOmL), dried over magnesium sulfate and concentrated in vacuo to give a pale yellow 
oil. lH  NMR of the crude product showed the absence of enol carbonate 35. The oil 
was chromatographed to give 173mg of ß-ketoester 36 (47% yield) and 84mg of the 
non-acylated ketone (34% yield).
Methyl 6,6-Dim ethyl-2-oxocyclohexane-l-carboxyIate (36).
OTMS O O
1. BuLi, Et20 , -20°C
2. NCC02CH3, -78°C
A 50mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with enol ether 
37 (396mg, 2mmol) in dry diethyl ether (lOmL). The reaction mixture was cooled to 
-20°C and n-BuLi (2.1mmol) was added over 5min. The reaction was allowed to warm to 
0°C and stirred for a further 30min. The reaction mixture was then cooled to -78°C and 
methyl cyanoformate (187mg, 2.2mmol) was added dropwise over 5min. The reaction 
was stirred at -78°C for 20min and allowed to warm to 0°C. After stirring for a further 
20min, water (lOmL) and ethyl acetate (lOmL) were added and stirred until the precipitate 
had dissolved. The aqueous phase was extracted twice more with ethyl acetate (15mL). 
The combined organic layers were washed with water (lOmL) and brine (lOmL), dried 
over magnesium sulfate and concentrated in vacuo to give a pale yellow oil. *H NMR of 
the crude product showed the absence of enol carbonate 35. The oil was 
chromatographed to give 236mg of ß-ketoester 36 (64% yield) and 68mg of the non- 
acylated ketone (27% yield).
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2,3,4,4a,5,6,7,8-Octahydro-l-trimethylsilyIoxynaphthalene (39).
A 250mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen, fitted with a magnetic stirrer and rubber septum, was charged with a mixture of 
cis and trans 1-decalone 38 (2.28g, 15mmol), HMDS (2.9 lg , 18mmol) and pentane 
(150mL). The solution was cooled to -20°C and freshly distilled TMSI (3.20g, 16mmol) 
was added drop wise over 10min. The mixture was stirred at -20°C for 20min and for 
15h at room temperature. The resulting slurry was transferred to a centrifuge tube and the 
solid spun down and the pentane solution decanted. The solid was carefully shaken twice 
more with pentane (30mL) and the combined solution washed with saturated N aHC03 
solution (30mL) and dried over sodium sulfate. The pentane was removed in vacuo to 
give a crude mixture of the two possible isomeric enol ethers. These were separated by 
column chromatography using hexane to give 3.33g of the required enol ether 39 (83% 
yield) and 165mg of an impure sample of the isomeric material 40 (4.2% yield).
13C NMR (FX2) 5 : 0.4 (Si(CH3)3), 21.8 (C6), 26.1 (C7), 26.4 (C3), 26.9 (C5), 30.9 
(C4), 31.2 (C8), 35.6 (C2), 37.1 (C4a), 118.8 (C8a), 141.2 (C l)
iH NMR (FX2) 5 : 0.16 (s, 9H, Si(CH3)3), 0.80-2.20 (m, 14H), 2.80 (m, 1H, H4a).
MS : 224 (M+, 37.6%), 223 (10.8), 196 (17.2), 195 (25.9), 182 (22.1), 181 (21.4), 
134 (26.2), 91 (14.4), 75 (56.5), 73 (100).
(8aß) Methyl Octahydro-4-oxonaphthalene-4aß(2f/)-carboxylate (42).
A lOOmL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with the enol 
ether 39 (2.24g, lOmmol) in dry diethyl ether (25mL). The reaction mixture was cooled 
to -20°C and n-BuLi (1 lmmol) added over 5min. The reaction was allowed to warm to 
0°C and was stirred for a further 30min. The solution was cooled to -78°C and methyl
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cyanoformate (935mg, 1 lmmol) added dropwise over 5min. The reaction was stirred at 
-78°C for lh and allowed to warm to 0°C. Water (lOmL) and diethyl ether (lOmL) were 
added and the resulting mixture was stirred until the precipitate had dissolved. The 
aqueous phase was extracted twice more with diethyl ether (25mL) and the combined 
organic layers washed with water (lOmL) and brine (lOmL), dried over magnesium 
sulfate and concentrated in vacuo. The resulting pale yellow oil was chromatographed to 
separate the ß-ketoester from a small amount of the O-acylated isomer 41*. 1.43g of the 
ß-ketoester 42 was isolated (68% yield).
I.R. (CHCL3) cm-1 : 2940 (s), 2860 (m), C-H str; 1730 (s), C=0 (ester) str; 1710 (s), 
C=0 (ketone) str; 1450 (m), 1435 (m), C-H def; 1245 (m), 1170 (m), 1155 (m), 1135 
(m), C-O str.
13C NMR (XL3) 5 : 22.4 (t, C7), 22.7 (t, C6), 24.4 (t, C8), 27.6 (t, Cl), 27.9 (t, C5), 
30.2 (t, C2), 40.2 (t, C3), 40.5 (d, C8a), 52.4 (q, -OCH3), 61.6 (s, C4a), 173.6 (s, 
4a-CO), 208.3 (s, C4).
NMR (XL3) 5 : 1.2-2.0 (m, 11H), 2.21-2.30 (m, 1H), 2.37-2.44 (m, 2H, (H3)2),
2.53-2.63 (m, 1H, H8a), 3.73 (s, 3H, C02CH3).
MS (m/z) : 210 (M+, 25.2%), 182 (6.3), 178 (45.3), 168 (20.0), 156 (9.7), 155 (100), 
150 (74.1), 141 (8.2), 136 (13.2), 133 (27.8), 123 (45.4), 122 (35.2), 109 (70.2), 107
(35.5) , 95 (39.9), 91 (26.3), 87 (19.5), 81 (89.8), 79 (51.3), 77 (17.1), 67 (58.5), 59
(20.6) , 55 (59.3), 53 (26.1).
HRMS : Ci3H i80 3+ (M+) requires 210.1256 found 120.1256.
(4aß) 8aß-Hydroxymethyl-octahydro-l(2J/)-napthalenone (44).
l.T H F , LDA
2. L1AIH4
3. EtOAc
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with
* A pure sample of the corresponding enol carbonate could not be isolated, however from studies of the 
crude 1H NMR spectra it appeared if there was a 7 : 1 ratio of the compounds in favour of the ß-ketoester.
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ß-ketoester 42 (210mg, Immol) in dry diethyl ether (4mL). The mixture was cooled to - 
30°C and a solution of LDA (1.Immol) added dropwise over 5min. The reaction was 
allowed to warm to 0°C and stirred for a further 30min. Lithium aluminum hydride in 
diethyl ether (1.5mmol) was added and the resulting mixture was stirred at 0°C for a 
further lh. Dry ethyl acetate (3mL) was added to quench any excess reducing agent 
followed by brine (5mL). The resulting mixture was filtered and the precipitate was 
washed twice with diethyl ether (lOmL). The combined washings were washed with IN 
HC1 (lOmL), saturated NaHC03  (lOmL) and brine (lOmL), dried over magnesium 
sulfate and concentrated in vacuo. The resulting oil was chromatographed to give 132mg 
of alcohol 44 (78% yield).
I.R. (CHCL3) cm-1 : 2940 (s), 2870 (m), C-H str; 1690 (s), C=0 str; 1460 (m), C-H 
def.
13C NMR (XL3) 6 : 21.4 (t, C6), 21.6 (t, C7), 24.5 (d, C4a), 26.4 (t, C5), 26.8 (t,
C4), 27.1 (t, C8), 37.7 (t, C3), 38.5 (t, C2), 54.1(s, C8a), 65.1 (t, -CH2OH), 217.9 (s, 
Cl).
]H NMR (XL3) 6 : 1.40-1.80 (m, 9H), 1.85-2.10 (m, 4H), 2.31 (m, 1H, H4aß),
2.40-2.61 (m, 2H), 2.81 (d, 1H, 2/=11.5Hz, CH2OH), 2.85 (d, 1H, 27=11.5Hz, 
CH2OH).
MS (m/z) : 182 (M+, 2.7%), 164 (12.4), 152 (20.9), 135 (7), 123 (21.7), 110 (29.7), 
109 (40.6), 97 (34.4), 95 (60.6), 93 (21.2), 91 (12.4), 85 (62.8), 83 (100), 81 (60.6), 
79 (25.0), 68 (18.4), 67 (57.1), 57 (10.7), 55 (44), 54 (13.7), 53 (16.5).
HRMS : Ch H i80 2+ (M+) requires 182.1307 found 182.1307.
(8a'ß) Methyl Octahydrospiro[l,3-dithiolane-2,4'-naphthalene- 
4a'ß(2’/ / )-carboxylate (45).
A 50mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with
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ß-ketoester 42 (1.05g, 5mmol), dichloromethane (20mL) and 1,2-ethanedithiol (754mg, 
8mmol). Boron trifluoride etherate (120|il) was added and the resulting solution was 
stirred for 16h at room temperature. IN NaOH (lOmL) was added and the aqueous 
phase was extracted twice with dichloromethane (20mL). The combined organic layers 
were washed with water (20mL) and brine (20mL), dried over sodium sulfate and 
concentrated in vacuo to give a white solid that was recrystallised from hexane to give 
1.24g of the ester 45 (87% yield).
MP: 109-110° C.
IR (CHCL3) cm*1 : 2940 (s), 2870 (m), C-H str; 1720 (s), C=0 str; 1465 (m), 1455 
(m), C-H def;
13C NMR (FX2) 5 : 19.3 (t, C7'), 24.2 (t, C6'), 24.8 (t, C8'), 25.6 (t, C l’), 27.9 (t,
C5'), 29.6 (t, C2'), 36.3 (d, C8a’), 38.0 (t, C3’), 38.6 (t, C4), 41.4 (t, C5), 51.1 (q, 
OCH3), 57.0 (s, C4a'), 76.4 (s, C4’), 173.1 (s, 4a'-CO).
*H NMR (FX2) 5 : 1-2.5 (m, 15H), 3-3.2 (m, 4H, (H4)2 and (H5)2), 3.72 (s, 3H,
-OCH3).
MS : 286 (M+, 20.6%), 258 (10.1), 226 (7.2), 166 (6.9), 143 (10.0), 133 (23.1), 131 
(100), 118 (29.7), 105 (27.4), 91 (18.5), 79 (11.7), 71 (9.6), 67 (10.1), 61 (11.7), 59 
(10.7), 55 (8.7).
HRMS : Ci4H2202S2+ (M+) requires 286.1061 found 286.1062.
(8aß) Methyl OctahydronaphthaIene-4aß(2H)-carboxylate (46).
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer, a water condenser and rubber septum was 
charged with ester 45 (286mg, lmmol), benzene (5mL) and tributyltin hydride (2.33g, 
8mmol). The solution was brought to reflux temperature and a catalytic amount of AIBN 
was introduced. During the reaction a catalytic amount of AIBN was added every 12h.
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After 72h the reaction was cooled and the benzene removed in vacuo. The remaining 
liquid was taken into hexane and run through a column of silica to remove the tin 
residues. The column was then washed through with ethyl acetate/hexane (2:8). The 
resulting solution was concentrated to give 115mg of the ester 46 (67% yield).
I.R. (CHCL3) cm-1 : 2930 (s), 2860 (m), C-H str; 1720 (s), C=0 str; 1450 (m), 1435 
(m), 1390 (m), C-H def; 1230 (s), 1140 (m), 1130 (m), 1105 (m), C-0 str.
13C NMR (GEM3) 5 : 22.5 (br), 27.8 (br), 35.7, 47.2, 51.4, 179.0.
lH NMR (GEM3) 5 : 1.20-1.75 (m, 16H), 2.17 (m, 1H, H4a), 3.69 (s, 3H, CO2CH3)
The spectroscopic data corresponded to an authentic sample of this compound supplied 
by Prof. A. Beckwith.45
(Iß, 8aa) Methyl 2a-Cyano-octahydro-4aß-methyl- 
2ß-trimethyIsiIyloxynaphthaIene-la(2//)-carboxyIate (61).
1. Et20 ,  lBuOH, NH3, Li rf^ j ^ O T M S
E  CN
2. Et20 ,  N C C 02CH3 
3. TMSC1 H
27 61 c o 2c h 3
A solution of the enone 27 (328mg, 2mmol) in dry diethyl ether (5mL) and t-BuOH 
(140mg, 1.9mmol) was placed in a flame-dried lOOmL three necked round bottom flask 
fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a positive 
pressure of dry nitrogen. Ammonia (50mL) was distilled into the flask from sodium 
amide and the resulting solution was cooled to -78°C. Small pieces of freshly cleaned 
lithium wire were added until the blue colour persisted and the resulting solution stirred 
for a further 10min. Isoprene was added dropwise until the blue colour dispersed and the 
ammonia boiled off under a stream of nitrogen. The residue was carefully dried under 
high vacuum for 5min after which the nitrogen atmosphere was re-introduced. The 
resulting enolate was suspended in dry diethyl ether (15mL) and cooled to -78°C. Methyl 
cyanoformate (187mg, 2.2mmol) was added dropwise followed rapidly by freshly 
distilled TMSC1 (2,20g, 20mmol). The resulting suspension was stirred for a further 
20min at -78°C and allowed to warm to 0°C. The solvents were removed under high 
vacuum after which water (15mL) and diethyl ether (15mL) were added and the mixture 
stirred until the precipitate was completely dissolved. The aqueous phase was extracted 
twice with diethyl ether (20mL), and the combined organic layers were washed with
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water (20mL) and brine (20mL), dried over magnesium sulfate and concentrated in 
vacuo. The products were separated by column chromatography to give 142mg of the 
cyanohydrin adduct 61 (23% yield) and 228mg of the corresponding ß-ketoester 28 
(51% yield).
IR (CHC13) cm-1 : 2940 (s), 2860 (m), C-H str; 1740 (s), C=0 str; 1440 (m),
1385 (m), 1360 (m), C-H def; 1260 (s), 1235 (m), 1145 (s), 1125 (s), 1100 (m), C-0 
str.
13C NMR (XL3) 6 : 1.10 (q, -Si(CH3)3), 16.3 (q, 4a-CH3), 20.9 (t, C7), 25.0 (t, C6), 
25.7 (t, C8), 33.1 (s, C4a), 36.2 (t, C5), 37.9 (t, C4), 40.4 (t, C3), 43.9 (d, C8a), 51.4 
(q, -OCH3), 55.7 (d, Cl), 73.7 (s, C2), 119.7 (s, 2-CN), 171.7 (s, CO).
!H NMR (XL3) 5 : 0.23 (s, 9H, -OSi(CH3)3), 0.89 (s, 3H, 4a-CH3), 1.05-1.40 (m, 
4H), L40-1.75 (m, 7H),1.90 (ddd, 1H, 2/=13.2Hz, 3/ 3ß>4a=13.2Hz, 3/ 3ßj4ß=4.1Hz, 
H3ß), 2.09 (dt, 1H, 2/=13.2Hz, 3/ 3a,4a=3.4Hz, 3/ 3a>4ß=3.4Hz, H3a), 2.49 (d, 1H, 
3 /1>8a=12.2Hz, Hl), 3.74 (s, 3H, -OCH3).
MS (m/z): 308 (M+- -CH3, 100%), 174 (11.3), 170 (11.0), 169 (14.4), 147 (17.3), 
137 (22.0), 109 (22.6), 95 (41.1), 89 (41.4), 85 (49.8), 83 (76.4), 81 (29.1), 75 
(23.6), 73 (28.4), 67 (18.6), 59 (13.2), 55 (25.1).
HRMS : Ci6H26N03Si+ (M+ - CH3) requires 308.1683 found 308.1682.
Methyl l-Cyano-l-trimethylsilyloxycyclohexane-2-carboxyIate (62) and 
(63)
1. LDA, THF
2. NCCO2CH3
3. TMSC1
NC OTMS NC PTMS 
X . C 0 2CH3 X . co2c h3
Diisopropylamine (334mg, 3.3 mmol) in dry THF (5mL) was placed in a flame-dried 
50mL two necked round bottomed flask fitted with a magnetic stirrer and rubber septum 
under a positive pressure of dry nitrogen. The mixture was cooled to -20°C and BuLi 
(3.3mmol) was added dropwise. The reaction mixture was stirred at this temperature for 
20min and allowed to warm to 0°C and stirred for a further 20min. The solution was 
cooled to -78°C and cyclohexanone (3mmol, 294mg) in THF (5mL) was added 
dropwise, the resulting mixture was stirred for a further 10min. Methyl cyanoformate 
(281mg, 3.3mmol) was added dropwise followed rapidly by TMSC1 (5.43g, 50mmol).
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After 20min the solvents and excess reagents were removed under vacuum. Water 
(lOmL) and diethyl ether (lOmL) were added and the mixture was stirred until all the 
precipitate had dissolved. The aqueous phase was extracted twice with diethyl ether 
(15mL) and the combined organic layers were washed with water (lOmL) and brine 
(lOmL), dried over magnesium sulfate and concentrated in vacuo to give an oil containing 
three products separable by column chromatography. Purification of this mixture gave 
220mg of methyl hydroxycyclohex-l-ene-2-carboxylate (47% yield), 199mg of the major 
protected cyanohydrin isomer 62 (26% yield) and 69mg of the minor isomer 63 (9% 
yield).
The two protected cyanohydrins' spectral data were consistent with the reported data for 
the two adducts described previously.49 However the two compounds were assigned the 
structures above from their 13C-NMR data.
Methyl lß-Cyano-la-trimethylsilyloxycydohexane-2ß-carboxylate (62).
13C NMR (XL3) 6 : 1.0 (Si(CH3)3), 21.9 (C4), 22.7 (C5), 23.7 (C3), 37.9 (C6), 51.7 
(OCH3), 54.3 (C2), 71.8 (C l), 119.4 (1-CN), 171.8 (CO).
Methyl lß-Cyano-la-trimethylsilyloxycyclohexane-2cc-carboxylate (63).
13C NMR (XL3) 5 : 0.8 (Si(CH3)3), 20.4 (C4), 22.5 (C5), 23.6 (C3), 37.8 (C6), 50.5 
(C2), 51.6 (OCH3), 69.3 (C l), 121.4 (1-CN), 171.1 (CO).
Methyl 2-Cyano-2-hydroxy-4a-methyl-octahydronaphthalene- 
l(2//)-carboxylate (64) and (65)*
27
1. Et2Q, t-BuOH, NH3, Li
2. Et20 ,  NCC02CH3
3. Sat. NH4CI soln.
A solution of the enone 27 (492mg, 3mmol) in dry diethyl ether (lOmL) and t-BuOH 
(210mg, 2.85mmol) was placed in a flame-dried 250mL three necked round bottom flask 
fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a positive 
pressure of dry nitrogen. Ammonia (lOOmL) was distilled into the flask from sodium 
amide and the resulting solution cooled to -78°C. Small pieces of freshly cleaned lithium
No stereochemistry is shown here, this is given for the individual compounds below.
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wire were added until a blue colour persisted. After 10min, isoprene was added 
dropwise until the blue colour dispersed and the ammonia was boiled off under a stream 
of dry nitrogen. The residue was carefully dried under high vacuum for 5min after which 
the nitrogen atmosphere was re-introduced. The resulting enolate was suspended in dry 
diethyl ether (20mL) and cooled to -78°C. Methyl cyanoformate (281mg, 3.3mmol) was 
added dropwise and the suspension was stirred for a further 20min at -78°C and then 
allowed to warm to 0°C. Saturated ammonium chloride solution (30mL) and diethyl ether 
(20mL) were added and the mixture was stirred for a further 10min. Water (lOmL) was 
added and the aqueous phase extracted twice with diethyl ether (30mL). The combined 
organic layers were washed with water (20mL) and brine (20mL), dried over magnesium 
sulfate and concentrated in vacuo. The crude mixture was chromatographed to give the 
two cyanohydrins. Recrystallisation from ethyl acetate /  hexane gave 394mg of the major 
cyanohydrin 64 (52% yield) and 124mg of the minor compound (65) (16% yield).
(lß ,8 a a ) Methyl 2a-Cyano-2ß-hydroxy-4aß-m ethyl- 
octahydronaphthalene-la(2//)-carboxyIate (64).
M P: 103-5°C
IR (CHCI3) cm-1: 3300 (br), O-H str; 2930 (s), 2860 (m), C-H str; 1735 (s), C =0 str; 
1450 (m), 1435 (m), C-H def; 1280 (m), 1240 (m), 1165 (m), 1140 (m), 1070 (m), C -0 
str.
13C NMR (XL3) 8: 16.1 (q, 4a-CH3), 20.8 (t, Cl), 24.8 (t, C6), 25.7 (t, C8), 33.0 (s, 
C4a), 34.8 (t, C5), 37.7 (t, C4), 40.3 (t, C3), 44.1 (d, C8a), 51.7 (q, -OCH3), 53.8 (d, 
C l), 72.2 (s, C2), 119.7 (s, 2-CN), 172.0 (s, CO).
!H NMR (XL3) 8: 0.91 (s, 3H, 4a-CH3), 1.10-1.35 (m, 4H), 1.40-1.80 (m, 7H),
1.94 (ddd, 1H, 2/=13.2H z, 3^ , 4 cx= 1 3 . 2 H z , 3/ 3ß,4ß=5.4Hz, H3ß), 2.15 (ddd, 1H, 2J 
=13.2Hz, 3/ 3a ,4a=3.5Hz, 3/ 3 a ,4ß=3.5Hz, H 3 a), 2.52 (d, 1H, 3/iß ,8aa= 12 .0H z, 
H Iß), 3.55 (m (br), 1H, 2-OH), 3.78 (s, 3H, C 0 2CH3).
MS (m/z): 251 (M+, 0.9%), 224 (6.3), 195 (9.9), 191 (11.1), 174 (13.3), 169 (16.1), 
163 (10.0), 151 (6.6), 149 (9.8), 147 (6.7), 137 (10.6), 136 (9.0), 135 (6.8), 132 
(6.4), 129 (18.7), 123 (11.6), 122 (12.9), 121 (10.2), 110 (15.6), 109 (69.4), 108 
(19.2), 107 (21.2), 100 (14.1), 97 (11.9), 96 (29.5), 95 (95.2), 94 (17.0), 93 (20.4), 
91 (15.5), 86 (16.8), 84 (32.6), 83 (26.8), 81 (57.7), 79 (34.5), 77 (21.0), 69 (37.8), 
68 (24.5), 67 (66.0), 59 (35.3), 55 (100), 53 (56.2).
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MA: Calcd. for C14H21NO3: C, 66.91%; H, 8.42%; N, 5.57%; Found C, 66.79%; H, 
8.52%; N, 5.50%.
(lß,8aa) Methyl 2ß-Cyano-2<x-hydroxy-4aß-methyl- 
octahydronaphthalene-l<x(2H)-carboxyIate (65).
MP: 101-3‘C
IR (CHCI3) cm-1: 3440 (br), O-H str; 2930 (s), 2860 (m), C-H str; 1710 (s), C=0 str; 
1435 (m), 1385 (m), C-0 str; 1265 (m), 1235 (m), 1170 (m), 1145 (m), C-O str.
13C NMR (XL3) 5: 15.5 (q, 4a-CH3), 21.0 (t, C6), 25.3 (t, C5), 26.3 (t, C8), 31.5 (t, 
C5), 33.1 (s, C4a), 34.4 (t, C4), 40.8 (t, C3), 41.1 (d, C8a), 50.6 (d, Cl), 52.3 (q, - 
OCH3), 67.8 (s, C2), 121.3 (s, 2-CN), 176.1 (s, CO).
JH NMR (XL3) 5: 0.91 (s, 3H, 4a-CH3), 1.00-1.35 (m, 4H), 1.35-1.55 (m, 3H),
1.64 (ddd, 1H, 2/=13.4H z, 374a,3ß=13.4Hz, 3/4a,3oc=4.4Hz, H4a), 1.70-1.85 (m, 
2H), 1.95 (dddd, 1H, 2/=13.4Hz, 373ßj4a=13.4Hz, 3y3ß,4ß=4.2Hz, 3/ 3ß,0 H=2.4Hz, 
H3ß), 2.10 (ddd, 1H, 27=13.4Hz, 373a,4a=4.4Hz, 373a,4ß=2.8Hz, H3a), 2.65 (d, 
1H, V iß ,8aa=12.1Hz, Hl), 3.80 (s, 3H, CO2CH3), 5.18 (d, 1H, 3/0 H,3ß=2.4Hz, 
2-OH).
MS (m/z): 251 (M+, 0.6%), 218 (5.0) 195 (11.2), 191 (13.4), 174 (14.0), 169 (17.4), 
163 (13.1), 137 (9.3), 129 (11.5), 125 (7.2), 123 (13.1), 109 (63.5), 108 (15.5), 100 
(12.5), 95 (69.6), 82 (12.6), 81 (43.7), 79 (23.4), 77 (14.1), 69 (25.1), 67 (49.6), 59 
(24.4), 55 (73.2), 53 (32.6), 41 (100).
MA : Calcd. for C i4H2iN0 3: C, 66.91%; H, 8.42%; N, 5.57%; Found C, 67.03%; H, 
8.46%; N, 5.76%.
(Iß, 8aa) Methyl 4aß-Methyl-octahydro-2-oxonaphthalene- 
la(2//)-carboxylate (28).
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A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with the cyanohydrin derivative 
61 (126mg, 0.5mmol) in dry THF (5mL). This solution was cooled to -78°C and methyl 
lithium (0.5mmol) was added dropwise over 2min. After 2h at this temperature the 
reaction mixture was warmed to -10°C and stirred a further 4h. The reaction was 
quenched carefully with water (5mL) and the aqueous phase extracted twice with ethyl 
acetate (lOmL). The combined organic layers were washed with water (5mL) and brine 
(5mL), dried over magnesium sulfate and concentrated in vacuo to give a pale yellow oil. 
This was found to be identical with the previously isolated ß-ketoester 28.
Methyl 2a-Cyano-lß,4aß-dimethyl-3,4,4a,9,10,10a<x-hexahydro- 
8-methoxy-2ß-trimethylsilyIoxyphenanthrene-la(2//)-carboxylate (69).
A 50mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with ß-ketoester 32 (632mg, 
2mmol) in dichloromethane (lOmL). Trimethylsilyl cyanide (218mg, 2.2mmol)was 
added to the solution followed by a catalytic amount of dry Znl2- The reaction was 
allowed to stir at room temperature for 16h, after which the solvents were removed under 
vacuum. The resulting crude mixture was purified by column chromatography to give 
357mg of the protected cyanohydrin 69 (43% yield). Only a pure sample of this 
diastereomer could be isolated from the reaction mixture.
I.R. (CHCL3) cm-1 : 2950 ( m ) , 2840 (m), C-H str; 1730 (s), C =0 str; 1580 (m), 1460 
(m), Ar C=C str; 1435 (m), 1385 (m), C-H def; 1260 (s), 1140 (m), 1125 (m), 1090 
(m), C -0 str.
13C NMR (FX2) 8 : 1.1 (OSi(CH3)3), 12.6 (4a-CH3), 21.4 (CIO), 24.0 (1-CH3), 25.5 
(C9), 33.6 (C4), 35.4 (C4a), 36.5 (C3), 43.22 (ClOa), 52.1 (C 0 2C H 3), 55.1 
(7-OCH3), 56.9 (C l), 75.9 (C2), 107.0 (C7), 116.1 (C5), 120.7 (2-CN), 123.5 (C8a), 
126.6 (C6), 149.2 (C4b), 157.0 (C8), 173.6 (1-CO)
'H  NMR (FX2) 8 : 0.22 (s, 9H, -OSi(CH3)3), 1.23 (s, 3H, 4a-CH3), 1.30 (s, 3H, 1- 
CH3), 1.20-1.50 (m, 1H), 1.60-1.90 (m, 1H), 1.95-2.71 (m, 6H), 2.83 (dd, 1H, 2J =
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18.6Hz, 3/ 9ßfloß=6.9Hz, H9ß), 3.76 (s, 3H, -OCH3), 3.79 (s, 3H, 8-OCH3), 6,66 (d, 
1H, 3/7 6=8.2Hz, H7), 6.84 (d, 1H, 3/5>6=8.2Hz, H10), 7.14 (dd, 1H, 3/6 5=8.2Hz, 
376,7=8.2Hz, H9).
MS (m/z) : 415 (M+, 69.0%), 400 (50.1), 310 (7.9), 266 (6.2), 261 (22.9), 250
(26.6) , 229 (22.4), 201 (39.0), 187 (38.9), 185 (9.4), 173 (100), 161 (31.5), 159
(14.6) , 147 (11.4), 121 (12.4), 91 (14.4), 89 (22.1), 75 (17.3), 73 (42.6), 69 (22.5), 
59 (12.6), 55 (12.4).
HRMS : C23H33N04Si+ (M+) requires 415.2179, found 415.2175.
Methyl lß,4aß-Dimethyl-3,4,4a,9,10,10aa-hexahydro-8-methoxy-
2-oxophenanthrene-loc(2tf)-carboxylate (32).
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer and rubber septum was charged with 
cyanohydrin derivative 69 (83mg, 0.2mmol) in dry THF (5mL). This solution was 
cooled to -78°C and methyl lithium (0.2mmol) was added dropwise over 2min. After lh 
at this temperature the reaction mixture was warmed to -10°C and stirred a further 3h. 
The reaction was quenched carefully with water (lOmL) and the aqueous phase was 
extracted twice with ethyl acetate (lOmL). The combined organic layers were washed 
with water (5mL) and brine (5mL), dried over magnesium sulfate and concentrated in 
vacuo to give a pale yellow oil that solidified on standing. This was found to be a 
mixture of starting material and the ß-ketoester 32 with no indication of the O-acylated 
isomer.
Methyl 6,6-Dimethyl-2-oxocyclohexane-l-carboxylate (36).
LiCN, THF, 2 hours 
20°C other products
35 36
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A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with enol carbonate 35 (138mg, 
0.75mmol) in dry THF (3mL) and approximately 0.04eq of 1,4-dimethoxybenzene (a 
sample of this mixture was taken and it was found from the NMR spectrum that 
0.036eq had been added). Freshly prepared LiCN (30mg, 0.9mmol) was added and the 
reaction stirred at room temperature for 2h. Water (5mL) and ethyl acetate (5mL) were 
added and the aqueous phase was extracted twice more with ethyl acetate (lOmL) and the 
combined organic layers washed with water (5mL) and brine (5mL), dried over 
magnesium sulfate and concentrated in vacuo. NMR of the crude product showed 
that the starting material 35 and the ß-ketoester 36 were present in the reaction mixture in 
a ratio of 4.2 : 1. However, from the comparison with signals from the 1,4- 
dimethoxybenzene it was found that approximately 53% of the starting material was lost 
to the formation of other unidentified products.
Methyl l-MethyI-4-(l'-methylethenyl)-2-oxocyclohexane-l-carboxyIate 
(80) and (81)*
1. Et20 ,  t-BuOH, NH3,L i
2. Et20 ,  N C C 02CH3
Ammonia (50mL) was distilled from sodium amide into a flame-dried lOOrnL three 
necked flask fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under 
a positive pressure of dry nitrogen. Small pieces of freshly cleaned lithium wire (31 mg, 
4.4mmol) were added to the ammonia and the resulting blue solution stirred for 10min, 
after which it was cooled to -78°C. A solution of R-(-)-carvone (79) (300mg, 2mmol) in 
dry diethyl ether (5mL) and lBuOH (140mg, 1.9mmol) was added dropwise over 10min. 
After a further 15min, isoprene was added dropwise until the blue colour dispersed and 
the ammonia was allowed to boil off under a stream of nitrogen. The residue was 
carefully dried under high vacuum for 5min after which, the nitrogen atmosphere was re­
introduced. The resulting enolate was suspended in dry diethyl ether (lOmL) and cooled 
to -78°C. Methyl cyanoformate (187mg, 2.2mmol) was added dropwise and the 
resulting suspension was stirred for a further 20min at this temperature and then allowed 
to warm to 0°C. Water (lOmL) and diethyl ether (lOmL) were added and the mixture
% • •
No stereochemistry is shown here, this is given for the individual compounds below.
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stirred until the precipitate was completely dissolved. The aqueous phase was extracted 
twice with diethyl ether (20mL) and the combined organic layers were washed with water 
(lOmL) and brine (lOmL), dried over magnesium sulfate and concentrated in vacuo. The 
crude mixture of diastereomers was separated by column chromatography to give 190mg 
of the major diastereomer 80 and 71 mg of the minor diastereomer 81 (62% overall 
yield).
Methyl lß-MethyI-4a-(l'-methyIethenyl)-2-oxocycIohexane- 
la-carboxylate (80).
IR (CHC13) cm*1: 2940 (s), 2860 (m), C-H str, 1740 (s),C=0 (ester) str; 1710 (s), C=0 
(ketone) str; 1450 (m), 1440 (m), C-H def; 1245 (s), 1180 (m), 1165 (m), 1145 (m), 
1120 (m), C -0  str.
13C NMR (FX2) 5 : 20.4 (q, l'-CH3), 21.1 (q, I-CH3), 28.1 (t, C5), 37.0 (t, C6),
45.7 (t, C3), 46.6 (d, C4), 52.5 (q, -OCH3), 56.3 (s, C l), 109.9 (t, C2'), 147.1 (s, 
C l'), 173.3 (s, 1-CO), 207.1 (s, C2).
lH NMR (FX2) 5 : 1.30 (s, 3H, I-CH3), 1.30-1.90 (m, 4H), 1.72 (s, 3H, l ’-CH3),
2.20-2.70 (m, 3H), 3.74 (s, 3H, -OCH3), 4.71 (s, 1H, H2’), 4.76 (m, 1H, H2').
MS : 210 (M+ 11.3%), 192 (7.4), 179 (5.1), 178 (8.1),150 (6.9), 123 (15.1), 122
(13.1), 110 (100), 108 (17.8), 101 (49.9), 96 (11.0), 95 (35.3), 93 (12.6), 88 (6.9), 82
(34.5), 79 (10.6), 69 (32.0), 68 (82.1), 67 (68.4), 59 (11.1), 55 (25.4), 53 (18.13).
HRMS : C12H18O3+ (M+) requires 210.1256 found 210.1256.
[a]o (587nm) : +99.89° (99.2mg/10mL diethyl ether).
Methyl la-M ethyI-4a-(l'-methylethenyl)-2-oxocyclohexane-lß-  
carboxylate (81).
IR (CHCI3) : 2950 (s), 2870 (m), C-H str; 1740 (s), C =0 (ester) str; 1710 (s), C=0 
(ketone) str; 1455 (m), 1440 (m), 1380 (m), C-H def; 1265 (s), 1170 (m), 1120 (m), 
1090 (m), C -0  str.
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13C NMR (FX2) 5 : 20.4 (q, l'-CH3), 21.0 (q, 1-CH3), 25.0 (t, C5), 33.2 (t, C6), 
43.1 (t, C3), 43.6 (d, C4), 52.0 (q, -OCH3), 56.7 (s, Cl), 111.1 (t, C2’), 146.2 (s, 
C l’), 173.2 (s, 1-CO), 208.1 (s, C2).
!H NMR (FX2) 5 : 1.37 (s, 3H, I-CH3), 1.50-1.90 (m, 4H), 1.74 (s, 3H, l ’-CH3),
2.20-2.70 (m, 3H), 3.74 (s, 3H, C02CH3), 4.72 (s, 1H, H2’), 4.84 (s, 1H, H2').
MS (m/z): 210 (M+, 19.5%), 178 (15.1), 150 (14.8), 122 (22.7), 110 (96.3), 109
(58.4), 107 (28.8), 101 (53.6), 97 (14.3), 95 (46.8), 93 (15.2), 82 (31.2), 79 (15.2), 
69 (41.4), 68 (100), 67 (93.7), 59 (13.8), 55 (32.9), 53 (23.5).
HRMS : Ci2H i803+ (M+) requires 210.1256 found 210.1256.
[oc]d (587nm) : -5.55 (115.4mg/10mL diethyl ether).
(8aa) Methyl Iß, 4aß-DimethyI-octahydro-2-oxonaphthalene- 
la(2//)-carboxy!ate (82).
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with ß-ketoester 28 (336mg, 
5mmol) in dry THF (lOmL). NaH (36mg, 1.5mmol) was added and the mixture stirred 
for 5min. Mel (284mg, 2mmol) was added and the reaction was stirred for 16h at room 
temperature. Water (5mL) was added carefully and the resulting aqueous mixture was 
extracted three times with diethyl ether (15mL). The combined organic layers were 
washed with water (lOmL) and brine (lOmL), dried over magnesium sulfate and 
concentrated in vacuo. The crude reaction mixture was purified by column 
chromatography to give 225mg of the ß-ketoester 82 (63% yield) and 31 mg of an impure 
sample of the isomeric compound 83 (approximately 75% pure).
IR (CHCI3) cm*1 : 2930 (s), 2860 (m), C-H str; 1735 (s), C=0 (ester) str; 1705 (s), 
C=0 (ketone) str; 1470 (m), 1455 (m), 1435 (m), 1380 (m), 1360 (m), C-H def; 1250 
(s), 1180 (m), 1155 (m), 1140 (m), 1130 (m), 1085 (m), C-O str.
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13C NMR (FX2) 5 : 16.4 (q, 4a-CH3), 18.2 (q, 1-CH3), 21.5 (t, C7), 24.1 (t, C6),
26.4 (t, C8), 33.1 (s, C4a), 34.9 (t, C5), 39.6 (t, C4), 44.0 (t, C3), 48.9 (d, C8a), 52.3 
(q, -OCH3), 61.6 (s, Cl), 173.7 (s, CO), 210.6 (s, C2).
*H NMR (GEM3) 5 : 1.00-1.90 (m, 10H), 1.12 (s, 3H, 4a-CH3), 1.31 (s, 3H,
I-CH3), 2.23 (dd, 1H, 3y8aa 8ß=l2.1Hz, 3/8aa>8a=2.8Hz, H8aa), 2.39 (ddd, 1H, 1 27 
= 16.3Hz, 3 /3a 4a=4.8Hz, 3/3 a ,4ß=2.8Hz, H3a), 2.67 (ddd, 1H, 2/= 1 6 .3 H z , 
3/3ß54a 12.7Hz, 3/ 3ß,4ß=7.6Hz, H3ß), 3.72 (s, 3H, -OCH3).
MS (m/z) : 238 (M+, 17.2%), 210 (10.9), 183 (13.7), 179 (19.2), 163 (10.1), 151 
(36.9), 142 (17.1), 135 (12.3), 127 (10.5), 123 (84.2), 114 (31 4), 110 (14.9), 107 
(12.5), 95 (100), 93 (21.9), 81 (43.7), 79 (18.7), 69 (20.1), 67 (38.9), 59 (12.1), 55
(54.7) , 53 (15.2).
HRMS : Ci4H2203+ (M+) requires 238.1568, found 238.1569.
(8aa) methyl octahydro-la, 4aß-dimethyl-2-oxonaphthalene- 
lß(2//)-carboxylate (82).
I.R. (CHCL3) cm-1 : 2930 (s), 2860 (m), C-H str; 1735 (s), C=0 (ester) str; 1705 (s), 
C=0 (ketone) str; 1455 (m), 1435 (m), 1385 (m), C-H def; 1255 (m), 1230 (m), 1150 
(m), 1130 (m), 1095 (m), C-0 str.
lH NMR (GEM3) 6 : 1.00-1.70 (m, 10H), 1.01 (s, 3H, 4a-CH3), 1.33 (s, 3H, 1-
CH3), 2.40 (ddd, 1H, 2/  =14,7Hz, 3/ 3a,4ct=4.6Hz, 3/3a>4ß=2.5Hz, H3a), 3.02 (ddd, 
1H, 2/  =14.7Hz, 3/3ß 4a=14.7Hz, 3/ 3ß,4ß=6.3Hz, H3ß), 3.68 (s, 3H, CO2CH3)
MS (m/z) : 238 (M+, 10.8%), 178 (5.9), 151 (24.5), 142 (11.0), 135 (8.4), 127 (7.5), 
124 (18.5), 123 (68.7), 114 (23.0), 111 (13.1), 109 (25.0), 96 (21.9), 95 (100), 93
(20.7) , 88 (10.3), 83 (17.6), 81 (47.8), 79 (21.2), 69 (32.5), 67 (47.3), 59 (17.1), 55 
(80.2).
(8aa) Methyl lß,4aß-Dimethyl-octahydro-2-oxonaphthalene-la(2i/)- 
carboxylate (82).
1. Et2Q, t-BuOH, NH3, Li
2. Et20 , NCCO2CH3
84 82
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A solution of ß-ketoester 84 (425mg, 2.5mmol) in dry diethyl ether (5mL) and t-BuOH 
(175mg, 2.4mmol) was placed in a flame-dried lOOmL three necked round bottom flask 
fitted with a magnetic stirrer, a dry ice condenser and a rubber septum under a positive 
pressure of dry nitrogen. Ammonia (50mL) was distilled into the flask from sodium 
amide and the resulting solution cooled to -78°C. Small pieces of freshly cleaned lithium 
wire were added until the blue colour persisted and the resulting solution was stirred for a 
further 10min. Isoprene was added drop wise until the blue colour dispersed and the 
ammonia boiled off under a stream of nitrogen. The residue was carefully dried under 
high vacuum for 5min after which the nitrogen atmosphere was re-introduced. The 
resulting enolate was suspended in dry diethyl ether (15mL) and cooled to -78°C. Methyl 
cyanoformate (220mg, 2.75mmol) was added dropwise and the resulting suspension was 
stirred for a further 20min at -78°C and then allowed to warm to 0°C. Water (15mL) was 
added and the mixture stirred until the precipitate was completely dissolved. The aqueous 
phase was extracted twice with diethyl ether (30mL), and the combined organic layers 
were washed with water (15mL) and brine (15mL), dried over magnesium sulfate and 
concentrated in vacuo. The crude mixture was purified by column chromatography to 
give 464mg of ß-ketoester 82 (78% yield).
(4aß, 8aa) Methyl lß-m ethyl-octahydro-2-oxonaphthalene- 
la (2 //)-carboxylate (86).
H
N aH , THF
H
c h 3i *
H = H =
c o 2c h 3 c o 2c h 3
2 6 8 6
A 25mL flame-dried two necked round bottomed flask under a positive pressure of dry 
nitrogen and fitted with a magnetic stirrer was charged with ß-ketoester 26 (210mg, 
lmmol) in dry THF (5mL). NaH (24mg, lmmol) was added and the mixture was stirred 
for 5min. Mel (1.5mmol, 213mg) was added and the reaction was stirred for 16h at 
room temperature. Water (5mL) was added carefully and the resulting aqueous mixture 
was extracted three times with diethyl ether (lOmL) and the combined organic layers 
washed with water (lOmL) and brine (lOmL), dried over magnesium sulfate and 
concentrated in vacuo. The crude reaction mixture was purified by column 
chromatography to give 175mg of the ß-ketoester 86 (78% yield).
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IR (CHCI3) cm-1 : 2930 (s), 2860 (m), C-H str; 1740 (s), C =0 (ester) str; 1705 (s), 
C =0 (ketone) str; 1455 (m), 1450 (m), 1435 (m), 1380 (m), C-H def; 1240 (m), 1140 
(m), 1130 (m), 1070 (m), C -0 str.
!3C NMR (FX2) 5 : 15.5 (q, I-CH3), 25.7 (t, C6), 25.9 (t, C7), 27.8 (t, C5), 33.2 (t, 
C8), 33.6 (t, C4), 35.4 (d C4a), 37.6 (t, C3), 47.6 (d, C8a), 52.1 (q, -OCH3), 62.0 (s, 
C l), 173.2 (s, CO), 210.2 (s, C2).
1H NMR (FX2) 5 : 0.90-2.10 (m, 10H), 1.34 (s, 3H, 1-CH3),2.39 (ddd, 1H, 2J
=14.4Hz, 373a ,4a=4.5Hz, 3/ 3 a ,4ß=2.5Hz, H 3 a ), 2.56 (ddd, 1H, 2/= 1 4 .4 H z ,  
3^ 3ß,4a=14.4Hz, 3/ 3ß,4ß=6.4Hz, H3ß), 3.75 (s, 3H, CO2CH3).
MS (m/z) : 224 (M+, 29.8%), 206 (42.4), 196 (32.8), 192 (16.6), 181 (13.1), 165 
(49.9), 149 (16.2), 147 (57.4), 137 (89.4), 136 (59.33), 130 (27.0), 122 (43.0), 119 
(17.8), 114 (14.5), 110 (54.9), 109 (92.4), 101 (41.7), 96 (40.3), 95 (91.5), 94 (50.7), 
88 (74.0), 81 (97.9), 79 (47.8), 77 (17.7), 67 (90.4), 65 (11.2), 59 (24.2), 57 (14.0), 
55 (100), 53 (30.8).
(4aß, 8aa) Methyl lß-methyl-octahydro-2-oxonaphthalene- 
la(2//)-carboxylate (86).
H
1. Et2Q, t-BuOH, NH3, Li
2. Et20 ,  NCCO2CH3
87
A solution of enone 87 (164mg, lmmol) in dry diethyl ether (5mL) and t-BuOH (70mg, 
0.95mmol) was placed in a flame-dried lOOmL three necked round bottom flask fitted 
with a magnetic stirrer, a dry ice condenser and a rubber septum under a positive pressure 
of dry nitrogen. Ammonia (50mL) was distilled into the flask from sodium amide and the 
resulting solution cooled to -78°C. Small pieces of freshly cleaned lithium wire were 
added until the blue colour persisted and the resulting solution was stirred for a further 
10min. Isoprene was added drop wise until the blue colour dispersed and the ammonia 
was boiled off under a stream of nitrogen. The residue was carefully dried under high 
vacuum for 5min after which the nitrogen atmosphere was re-introduced. The resulting 
enolate was suspended in dry diethyl ether (lOmL) and cooled to -78°C. Methyl 
cyanoformate (1.2mmol, 102mg) was added dropwise and the resulting suspension was 
stirred for a further 20min at -78°C and then allowed to warm to 0°C. Water (lOmL) was 
added and the mixture was stirred until the precipitate was completely dissolved. The
H H
CCXCH
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aqueous phase was extracted twice with diethyl ether (15mL) and the combined organic 
layers washed with water (15mL) and brine (15mL), dried over magnesium sulfate and 
concentrated in vacuo. The crude mixture was purified by column chromatography to 
give 122mg of ß-ketoester 86 (54% yield) and 34mg of impure sample of the Cl isomer 
88 (approximately 80% pure).
(4aß, 8aa) Methyl la-Methyl-octahydro-2-oxonaphthalene- 
lß(2//)-carboxyIate (86).
IR (CHC13) cm-1 : 2930 (s), 2860 (m), C-H str; 1735 (s), C=0 (ester) str; 1705 (s), 
C=0 (ketone) str; 1455 (m), 1435 (m), 1380 (m), C-H def; 1260 (s), 1225 (m), 1150 
(m), 1130 (m), 1090 (m), C-0 str.
13C NMR (FX2) 6 : 18.3 (q, I-CH3), 25.5 (t, C6), 26.1 (t, C7), 27.5 (t, C5), 33.6 (t, 
C8), 33.9 (t, C4), 36.4 (d C4a), 39.8 (t, C3), 51.9 (d, C8a), 53.0 (q, -OCH3), 59.9 (s, 
Cl), 171.1 (s, CO), 209.0 (s, C2).
!H NMR (FX2) 6 : 0.80-2.10 (m, 10H), 1.34 (s, 3H, 1-CH3),2.44 (ddd, 1H, 2J
= 14.2Hz, 3/ 3a,4a =4.5Hz, 3/ 3a,4ß=2.6Hz, H3a), 2.85 (ddd, 1H, 2 / = 1 4 . 2 H z ,  
3^ 3ß,4a=14.2Hz, 3/ 3ß,4ß=6.2Hz, H3ß), 3.76 (s, 3H, CO2CH3).
MS (m/z) : 224 (M+, 5.2%), 206 (7.0), 196 (5.3), 175 (19.8), 164 (8.3), 161 (12.6), 
147 (12.7), 137 (20.2), 122 (13.6), 109 (34.5), 107 (11.5), 101 (13.0), 95 (55. 7), 91 
(13.9), 88 (22.1), 81 (47.4), 79 (27.0), 77 (19.3), 69 (25.6), 67 (56.9), 59 (21.3), 55 
(71.0), 54 (29.7), 53 (29.7).
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